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A.DDRESS. 


St.  Anthony,  Minn., 
Dec.  31,  1872. 

Hon.  J.  8.   Pillsbury^  President  of  the  Board  Regents  of 
the  University  of  Minnesota: 

Deab  Sir  : — I  have  the  honor  herewith  to  present  the  first 
annual  report  of  progress  on  the  Geological  and  Natural 
History  Survey  of  the  State,  required  by  the  provisions  of 
the  law  creating  the  same.  The  field  work  covered  by  this 
report  is  that  performed  by  myself  alone  between  the  first 
of  September  and  the  closing  of  the  season,  on  the  12th  day 
of  November,  by  the  first  fall  of  snow.  The  means  at  my 
disposal  not  admitting  of  the  employment  of  assistants,  it 
has  only  been  possible  to  make  a  general  reconnoissance  of 
the  State  by  visiting  those  parts  accessible  by  railroad.  In 
that  way  I  have  succeeded  in  making  a  connected  section  of 
observed  strata  from  the  trap  and  granite  rocks,  which  lie 
at  the  base  of  our  geological  system,  to  the  Galena  Lime- 
stonCf  in  the  Lower  Silurian,  including  also  about  forty  feet 
of  the  latter.  Between  the  Galena  and  the  Cretaceous  no 
intervening  rocks  have  been  seen,  but  it  is  probable  that  the 
remainder  of  the  Lower  Silurian,  including  the  Maquoketa 
/Shales,  and  the  Niagara  Limestone^  which  in  the  north-west 
eeems  to  constitute  the  Upper  Silurian,  as  well  as  the  lower 
portions  of  the  Devonian,  are  in  place  in  some  parts  of  the 
southern  portion  of  the  state.  A  few  sections  have  also 
been  taken  in  the  Cretaceous  clays  and  sandstones  in  the 
southern  part  of  the  State.  Developments  of  considerable 
interest  and  economical  importance  have  already  been  made 
in  connection  with  this  series  of  rocks,  as  detailed  in  the  ac- 
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companying  report ;  and  it  is  belieyed  that  they  will  afford 
in  the  future  progress  of  the  survey  some  of  the  best  exem- 
plifications* not  only  of  the  scientific  value,  but  also  of  the 
practical  useiulness  of  our  investigations. 

The  small  geological  map  of  the  State  accompanying  this 
report  is  intended  to  embody  all  that  is  known  concerning 
the  geographical  outlines  of  the  various  formations  embraced 
within  Uie  State.  With  the  exception  of  the  southeastern 
part  of  the  State,  the  outlines  of  the  geology  of  which  have 
been  more  minutely  laid  out  by  Mr.  W.  D.  Hurlbut,  of 
Rochester,  Minn.,  this  map  is  to  be  regarded  as  only  an  ap- 
proximation to  the  actual  bearing  of  the  strata,  the  bounda- 
ries of  which  are  marked  by  tortuosities  which  it  will  be  the 
future  work  of  the  survey  to  carefully  trace  out. 

It  becomes  my  pleasant  duty  to  acknowledge  the 
active  interest  and  aid  of  the  President  of  the  University  in 
the  initiation  of  the  survey  in  various  matters  of  administra- 
tive courtesy  touching  its  relation  to  the  University.  Rooms 
have  been  provided  in  the  University  building  for  the  sto- 
rage of  specimens  and  for  lal>oratory  work :  and  the  nucleus 
ot  a  geological  museum  has  already  been  established. 

Mr.  W.  D.  Hurlbut,  of  Rochester,  who,  as  a  pioneer  in 
the  scientific  development  of  the  geology  of  southern  Minne- 
sota, has  gathered  information  which  it  would  require  sev- 
eral seasons  of  field-work  for  one  man  to  collect,  has  freely 
aided  me  by  giving  all  the  information  in  his  possession,  and 
has  spent  considerable  time  gratuitously  in  guiding  me  to 
points  of  interest.  The  preliminary  map  accompanying  this 
report  shows  the  minuteness  with  which  he  has  observed 
the  geological  boundaries  in  that  part  of  the  Slate. 

Prof.  Wm.  F.  Phelps,  of  the  Normal  School  at  Winona, 
has  given  much  information  concerning  that  section  of  the 
Stale,  and  has  accompanied  me  to  various  places  of  geolog- 
ical importance.  His  collection  of  fossils  from  the  UrenUm 
and  other  Silurian  rocks  stored  in  the  museum  of  the  Nor* 
mal  School,  has  been  opened  for  examination  and  study. 
He  has  donated  to  the  geological  museum  of  the  University 
plaster  casts  of  some  of  the  largest  and  most  perfect  speci- 
mens of  trilobites  ever  found  in  the  State  of  Minnesota. 

Mr.  A.  J.  Hill,  of  St.  Paul,  has  enjoyed  unusual  facilities 
for  collecting  the  most  complete  information  concerning  the 
relative  altitudes  of  different  parts  ot  the  State  as  shown  by 
railroad  profiles,  and  has  tendered  to  the  survey  the  tree  use 
of  all  his  tables. 

Dr.  H.  H.  Guthrie,  of  8t.  Charles,  and  Mr.  A.  Van 
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Yorbes,  ot  Stillwater,  guided  me  in  making  observations  at 
tbose  places;  giving  me  mucb  valuable  information. 

Mr.  Frank  Wilson,  of  Mantorville,  bas  placed  in  tbe  Uni- 
versity  museum  a  large  collection  of  tossils  from  the  Galena 
Limestone^  on  temporary  deposit.  For  the  benefit  of  the 
geological  survey  he  has  submitted  them  for  examination 
and  nomenclature. 

The  St.  Paul  &  Sioux  City»  and  Sioux  City  &  St.  Paul 
R.  R,,  the  Northern  Pacific  R.  R.  and  the  Southern  Minne- 
sota R.  R.  have  materially  aided  in  the  prosecution  of  the 
field-work,  by  granting  continuous  passes  on  their  roads. 
The  Winona  &  St.  Peter  R.  R.  has  also  granted  trip  passes 
on  application. 

In  general  the  people  of  the  state,  so  far  as  I  have  come, 
in  contact  with  them,  have  manifested  much  interest  in  the 
survey,  and  expressed  a  willingness  to  aid  in  its  progress  in 
•every  way  in  their  power. 

Allow  me  to  thank  you  for  the  cordiality  with  which  you 
liave  officially  counseled  and  aided  me  in  making  the  pre- 
liminary reconnoissance,  and  for  personal  favors  at  your 
Jiands. 

Very  respectfully, 

N.  H.  WiNOHELL, 

State  Geolgoist. 


\ 
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I. 

HISTORICAL  SKETCH  AND  LIST  OF 

PUBLICATIONS 

EELATING   TO   THE    GEOLOGY    AND    NATURAL 

HISTORY  OF  MINNESOTA. 


The  earliest  published  accounts  of  the  natural  features  and 
resources  of  Minnesota  are  found  in  the  writings  of  the 
Jesuit  missionaries.  These,  however,  are  generally  too 
vague  or  too  general  in  their  statements  to  be  of  much  sci- 
entific value.  The  first  printed  account  and  distinct  mention 
ot  the  Mississippi  river,  within  the  limits  of  Minnesota, 
seems  to  be  that  of  Father  Hennepin,  who  visited  the  Falls 
of  St.  Anthony  in  16.80,  and  gave  them  their  name,  although 
Father  Marquette  discovered  the  river  at  lower  points  as 
early  as  1673.  Father  Hennepin's  book,  published  at 
Utrecht  in  1679,  has  the  following  title :  Voyage  ou  noU" 
velle  decovverte  d'  un  ires  grand  pays  dans  V  Amerique  entre 
nouveau  Mexique  et  la  mer  glaciale  par  le  li.  P.  Louis  Hen* 
nepiUf  avrc  ioules  les  particularitez  de  ce  Pai«,  <&  de  celui 
connue  sous  le  nom  de  La  Louisiane;  les  advantages  qu*  on 
en  pent  tirer  par  V  etablissement  des  colonies;  enriche  de 
Cartes  Oeographiques:  augmenfe  de  quelques  figures  en 
taille  douce; — avec  un  voyage  qui  contiente  une  Relation 
exactedeVOriginet  Moeurs^  Coutumes,  Iteligion^  GuerreSf 
<6  Voyages  des  Oaraibes  sauvages  des  Isles  Antilles  de  PAm* 
eriquCf  Jaite  par  le  Sieur  De  La  Borde^  tiree  du  Cabinet  de 
Monst^  Blondd. 

The  voyage  proper  of  Hennepin!  id  divided  into  seventy- 
six  chapters.  The  following  titles  show  the  relations  of 
some  of  these  chapters  to  the  State  of  Minnesota. 

XXXVI.  Depart  d'Auteur  en  Canot  du  Fort  Crevecoeur 
avec  les  deux  hommes,  dont  il  a  ote  parle,  pour  so  rendr» 
aux  Nations  eloignees. 
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XXXYII.  Quels  ont  ete  les  motifs  que  I'Auteur  a  eus 
ci-devant  de  cacher  les  memoires  qu'  il  avoit  de  cette  De- 
eourerte  &  de  ne  les  pas  inferer  dans  la  Description  de  sa 
Louisiane. 

XXXVIII.  Continuation'  du  voyage  de  I'Auteur  sur  le 
Fleuve  Meschasipi. 

XXXIX.  Raisons  qui  nous  obligerent  de  remonter  le 
FleuYe  Meschasipi  sans  aller  plus  loin  vers  la  Mer. 

XL.     Depart  de  Koroa  sur  le  Fleuve  Meschasipi. 

XLI.  Description  de  la  beaute  du  Fleuve  Meschasipi, 
des  terres,  qni  le  bordent  de  part  &  d'autre,  &  qui  sont 
d'un  beaute'  ravissante  &  des  Mines  do  cuivrCi  de  plomb,  & 
de  carbon  de  terre  qu'on  y  a  trou^a. 

XLII.  Description'  des  divers  langes  de  ces  peuples  & 
de  leur  soumission  a'  leurs  Chefs ;  des  Mannieres  differentes 
de  ces  peuples  de  Meschasipi  d'avec  ies  sauvages  du  Canada 
&  du  peu  de  fruit,  qu'  on  peut  esperer  pour  la  Religion 
chretiene  parmi  eux. 

XLIII.  Description  de  la  peche  vue  nous  faissons  des 
etourgeons.  Craiute  de  nos  gens  qui  ne  vouloient  point  pas- 
ser en  remontant  pres  de  1'  embouchure  de  la  Riviere  des 
Illinois,  &  du  chaiigement  des  tcrrcs  et  du  climat  en  allant 
vers  le  Nord. 

LIX.  Les  sauvages  sont  halte  nu  dessus  du  saut  do  St. 
Antoine  de  Padoue.  lis  so  trouvent  en  necessite  de  vivres ; 
1*  Auteur  va  avec  le  Picard  a'  Rievere  d'  Ouisconsin.  Aven- 
tures  de  leur  voyage. 

LX.  Chasse  des  Tortues,  le  canot  enleve'  a'  1'  Auteur 
par  un  vent  impetueux,  ce  qui  le  jette  dans  im  grande 
necessite  avec  son  compagnon  de  voyage. 

Memoire  sur  les  Moeurs^  Ooulumest  et  Religion  des 
sauvages  de  V  Amerique  Septentrionale^  par  Nicolas  Perrot, 
public  pour  la  premiere  fois.  par  le  R.  P.  J.  Tailhan  de  lu 
compagne  do  Jesus,  1864.  12  mo.  341  pp. 

This  valuable  memoir  remained  in  manuscript  from  1670 
till  1^64  without  publication. 

In  the  latter  part  of  the  seventeenth  century  Baron 
La  Hontan,  Lord  Lieutenant  of  the  French  Colony  at  Pla- 
centia,  New  Foundland,  traveled  over  much  of  the  north- 
west, visiting  the  territory  now  embraced  in  Minnesota,  and 
describing  the  nations  and  many  ot  the  natural  features  of 
the  country.  His  book  is  entitled  :  New  Voyages  to  North 
America  J  containing  an  account  of  the  several  nations  oj  that 
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vast  continent^  their  customs^  commerce  and  way  of  Ifavi^ 
gallon  upon  Uie  Lakes  and  Rivera ;  the  several  attempts  of 
the  English  and  French  to  dispoesess  one  another  with  the 
relations  of  the  miscarriage  of  the  Jormer ;  and  the  various 
adventures  between  the  French  and  the  Iroquese^  confederates 
of  England,  from  1683  to  1694. 

Historical  Collections  of  Louisiana^  embracing  transla- 
tions of  many  rare  and  valuable  documents  relating  to  the 
natural,  civil  and  political  history  ot  that  State.  Part  IV. 
Bedfield,  New  York  1^52,  8  vo.  pp.  268.  (map).  Contains 
original  narratives  by  Marquette,  AUouez,  Membre,  Henne- 
pin and  Douay,  relating  to  the  discovery  and  exploration  ot 
the  Mississippi  river. 

Early  voyages  up  and  down  the  Mississippi.  By  Cavalier, 
St.  Cosine,  Le  Sueur,  Gravier,  and  Geugnas,  with  an  intro- 
duction and  notes  by  John  G.  Shea,  Albany,  1861,  4to.  pp. 
191. 

The  travels  of  Jonathan  Carver  were  performed  in  1766, 
7  and  6.  His  may  be  regarded  the  first  contribution  to  the 
natural  history  of  the  country  bordering  on  the  upper  Mis- 
sissippi. His  work  is  printed  under  the  title  of:  Three 
Yeara^  TravtU  throughout  the  interior  parts  of  North  Amer^ 
tea.  Containing  an  account  of  the  lakes,  islands  and  riv- 
er.-^,  cataracts,  mountains,  minerals,  soil  and  vegetable  pro- 
ductions of  the  northwest  regions  of  that  vast  continent, 
with  a  description  of  the  birds,  beasts,  reptiles,  insects  and 
fishes  peculiar  to  that  country,  together  with  a  concise  his- 
tory of  the  genius,  manners  and  customs  of  the  Indians  in- 
habiting the  lands  that  lie  adjacent  to  the  heads  and  west  of 
the  river  Mississippi ;  and  an  appendix  describing  the  uncul- 
tivated parts  of  America  that  are  the  most  proper  for  form- 
ing settlements,  by  Jonathan  Carver,  Captain  ol  the  provin- 
cial troops  in  America  16  mo.  pp.  280. 

Mr.  Schoolcraft's  first  expedition  to  the  sources  of  the 
Mississippi  river  was  performed  in  1820.  His  report  was 
published  under  the  following  title:  Narrative  Jourtuil  of 
travels  from  Detroit  northwest  through  the  great  chain  of 
lakes  to  the  sources  of  the  Mississippi  river  in  1820.  By 
Henry  li.  Schoolcraft,  performed  as  a  member  of  the  expedi- 
tion under  Governor  Cass,  embellished  with  a  map  and  eight 
copper  plate  engravings,  8  vo.  pp.  419. 

In  the  year  1823  the  United  States  Government  ordered 
an  expedition  to  the  sources  of  the  St.  Peter  river,  lake  Win* 
nepeg  and  lake  ot  the  Woods,  the  report  of  which  was  pub- 
lished by  Congress  under  the  following  title :  Narrative  of 
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an  expedition  to  the  sources  of  the  Si.  Peter  river ^  lake  Win* 
nepeek^  lake  of  the  Woods  (&c.^  performed  in  the  yeai*  L823 
by  order  of  Hon.  J.  C.  Calhoun,  Secretary  of  War,  under 
the  command  of  Stephen  H.  Long,  U.  S.  Topographical  En- 
gineers. 2  vols.  pp.  458  and  248,  with  an  appendix  of  156 
pages. 

CONTENTS   OF  VOLUME  I. 

Chapter  I.  Departure  from  Philadelphia — Geology  ot 
the  Alleghanies — Cumberland  Road — Wheeling. 

Chapter  II.  Zanesville — Salt  and  Iron  VVorks — Co- 
lumbus— Piqua — Indian  Antiquities — Ohio  Canals — Fort 
Wayne. 

Chapter  Ilf.  Description  of  Fort  Wayne  and  Vicinity — 
Fur  Trade — Potawotaniies. 

Ctiapter  IV.  Cary  Mission  House — Lake  Michigan — 
Chicago. 

Chapter  V.  Kock  River — Menomones — Geology  of  the 
country  west  of  Lake  Michigan — ^Prairie  du  Chien — Sauks 
and  Foxes. 

Chapter  VI.  Prairie  du  Chien — Indian  remains — Divis- 
ion of  the  party — Mississippi — Dacotah  Villages — Fort  St. 
Anthony  Falls — River  St.  Peter. 

Chapter  VIL  Geology  of  the  Mississippi — ^The  expedi- 
tion ascends  the  St.  Peter's — Character  of  the  country — 
Arrival  at  Lake  Travers. 

Chapter  VIII.  Account  of  the  Dacotahs,  or  Sioux  Indi- 
ans— Their  division  into  tribes — ^Their  numbers,  language, 
manners  and  customs — Notice  of  Watonwan,  principal  chief 
of  the  Yanktonian  tribe — Description  of  the  Columbia 
Fur  Company's  Establishment  at  Lake  Trovers. 

CONTENTS   OF  VOLUME   II. 

Chapter  I.  The  party  leave  Lake  Travers — They  fall  in 
with  large  herds  of  buflfulo — Observations  upon  the  roviugs 
of  this  animal — Meeting  with  a  war  party  of  the  Wahkpa- 
botas  who  manifest  hostile  dispositions — Arrival  at  Pembina. 

Chapter  II.  Fort  Douglas  and  Lord  Selkirk's  Colony — 
Bark  Canoes — Lake  Winnepeek — Fort  Alexander — River 
Winnepeek — Rapids — Portages — Fine  Falls — Lake  ot  the 
Woods — Northwesternmost  point  of  the  Boundary  Line — 
Rainy  Lake  river  and  lake — Fort — Series  of  rapids  and 
falls — Dividing  Ridge — Falls  of  Kamauatekwoya — Arrival 
at  Fort  William. 
4 
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Chapter  III.  Account  of  the  Chippewa  Indians — ^Their 
usages,  manners  and  customs. 

Chapter  IV.  Departure  from  Fort  William — Trap  forma- 
tions on  Lake  Superior — Michipecottou  House — Arrival  at 
Sault  St.  Marie — Conclusion  of  the  journey.     . 

Chapter  V.  General  description  of  the  couutry  traversed 
by  the  expedition,  designed  as  a  topographical  report  to  the 
War  Department,  by  S.  H.  Long,  U.  S.  T.  E.  (Divided 
into  seven  chapters.) 

CONTENTS  OP  THE  APPENDIX. 

Part  I.  Natural  History.  Zoology  by  Thomas  Say — 
Catalogue  and  descriptions.  Botany  by  Lewis  D.  do 
Schweinitz. 

Part  II.      Astronomy. 

Part  III.     Meteorology. 

Part  IV.     Indian   Vocabularies. 

Mons.  J.  C.  Beltrami,  who  started  out  as  a  member  of 
Major  Long's  party  of  exploration  to  the  sources  of  the  St. 
Peter  river,  patted  from  liim,  and  exploring  the  Mississippi 
to  its  source,  published  his  ol)servations  under  the  following 
title :  La  Decouverle  des  sources  du  Mississippi^  el  de  la 
river  sanglante. 

Descriptions  du  cour  enlier  du  Mississippi  ♦  ♦  ♦  • 
aussique  du  cours  enlier  d  V  OhiOf  Observations  ci'itico-philos- 
cphiques  sur  les  moeurs^  la  religion^  les  superstitions y  les  cou^ 
iumesy  les  armes^  les  chasseSy  la  guerre^  la  paiXy  le  nombre* 
menty  Vorigine^  <£c.«  (£c.«  cSc,  de  plusieurs  nations  indi- 
ennes  ♦  ♦  ♦  ♦  ♦  JPreuves  evidenles  que  le 
Mississippi  est  la  premiere  riviere  du  monde.  Par  J.  C. 
Beltrami,  Mcmbrede  plusieurs  academics,  1824,  pp.  327. 

narrative  of  an  Expedition  through  the  Upper  Mississippi 
to  Itasca  Lake,  the  actual  source  of  this  river,  embracing  an 
exploratory  trip  through  the  St.  Croix  and  Burntwood  (or 
Brule)  rivers  in  1832,  under  the  direction  of  Henry  R. 
Schoolcraft.  (Published  by  Harper  &  Brothers,)  pp.  807, 
bvo. 

Besides  the  narrative  this  book  embraces  an  appendix,  as 
lollows : 

I.  Natural  History.  1.  List  of  shells  collected  by  Mr. 
Schoolcraft.  By  William  Cooper.  2.  Localities  of  minerals 
observed  in  1831  and  1832  in  the  northwest.  By  H.  li. 
Schoolcraft.  3.  Localities  of  plants  collected  in  the  north- 
western expeditious  of  1831  and  1832.  By  Douglas  Hough- 
ton, M.  D.,  surgeon  to  the  expedition 
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II  Indian  Languages.  Part  of  a  course  of  lectures  on 
the  grammatical  structure  of  the  Indian  languages,  delivered 
before  the  St.  Mary's  Committee  of  the  Algic  Society.  By 
H.  R.  Schoolcraft. 

III.  Official  Iieporl$i  embracing  among  others  a  report 
of  Dr.  Houghton  on  the  copper  of  Lake  Superior ;  dated 
Fredonia,  N.  Y.,  Nov.  14,  1831. 

Summary  Narrative  oj  an  exploratory  expedition  to  the 
sources  of  the  Mississippi  river  in  1820,  resumed  and  com^ 
pleted  by  the  discovery  of  its  origin  in  Itasca  Lake  in  1832. 
With  appendices  comprising  the  original  report  of  the  cop- 
per mines  of  Lake  Superior,  and  observations  on  the 
geology  of  the  lake  basiuR  and  the  summit  of  the  Missis- 
sippi;  together  with  all  the  official  reports  and  ftcientific 
papers  ot  both  expeditions.  By  Henry  R.  Schoolcraft. 
Philadelphia.     Lippencott,  Grambo  &  Co.,  1855. 

Besides  the  narrative,  the  following  scientific  papers  are 
included  in  the  appendix  : 

I.     Of  the  Expedition  of  \i2Q. 

Results  of  observations  for  latitudes  and  longitudes  during 
the  expedition  of  1820.  By  David  B.  Douglas,  Capt.  Engi- 
neers, U.  S.  A. 

Report  on  the  Copper  Mines  of  Lake  Superior.  By  H. 
R.  Schoolcraft. 

Observations  on  the  Mineralogy  and  Geology  of  the  coun- 
try embracing  the  sources  of  the  Mississippi  river  and  the 
great  lake  basins.     By  H.  R.  Schoolcraft. 

Report  on  the  value  and  extent  of  the  mineral  lands  of 
Lake  Superior,  in  reply  to  a  resolution  of  the  U.  S.  Con- 
gress.    By  H.  R.  Schoolcraft. 

Rapid  Glances  at  the  Geology  of  Western  New  York  be- 
yond the  Rome  Summit,  in  1820.     By  H.  R.  Schoolcraft. 

A  memoir  on  the  Geological  Position  of  a  fossil  tree  in 
the  secondary  rocks  of  Illinois.  Albany,  N.  Y.  E.  &.  E. 
Hosford,  pp.  18.     1822.     By  H.  R.  Schoolcraft. 

List  ot  plants  collected  by  Capt.  D.  B.  Douglass  at  the 
sources  of  the  Mississippi  river.  Am.  Jour.  iSci  and  Arts. 
Vol.  4  p.  56.     By  John  Torrcy,  M.  D. 

A  letter  embracing  notices  of  the  zoology  of  the  north- 
wetit.  Addressed  to  Dr.  Mitchell  on  the  return  of  the  ex- 
pedition.    By  H.  R.  Schoolcraft. 

Species  of  Bivalves,  collected  by  Mr.  Schoolcraft  and 
Captain  Douglass  in  the  northwest,  published  in  the  6th  vol* 
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ume  of  the  Am.  Jour.  Sci.  pp.  120 — 259.    By  D.  H. 
Barnes. 

Fresh  water  shellsi  collected  by  Mr.  Schoolcraft,  in  the 
valleys  of  the  Fox  and  Wisconsin  rivers.  Am.  Phil.  Trans. 
Vol.  5.     By  Mr.  Isaac  Lea. 

Summary  remarks  respecting  the  zoological  species  no- 
tice d  in  the  expedition.     By  Dr.  Samuel  L.  Mitchell. 

Mus  Busarius.  Medical  Repository.  Vol.  21,  p.  248. 
By  Dr.  Samuel  L.  Mitchell. 

deiurus  tre'decem-striatus.  Med.  Repos.  Vol.  21.  By 
Dr.  Samuel  L.  Mitchell. 

Proteus  of  the  Lakes.  *Am.  Jour.  Sci.  Vol.  4.  By  Dr. 
Samuel  L.  Mitchell. 

Memoranda  of  Climatic  phenomena,  and  the  distribution 
of  Solar  heat  in  1820.     By  H.  R.  Schoolcraft. 

IL     Of  (he  Expedition  of  1832. 

Limits  and  range  of  the  Cervus  8ylvesiri$  in  the  north- 
western parts  of  the  United  States.  Northwest  Journal. 
By  H.  R.  Schoolcraft. 

Description  of  the Fringilia  ve^erlina  discovered  by  Mr. 
Schoolcraft  in  the  northwest.  Annals  of  the  New  York  Ly- 
ceum of  Natural  History.     By  William  Cooper. 

List  of  shells  collected  by  Mr.  Schoolcraft  during  his 
expedition  to  the  sources  of  the  Mississippi  river  in  1832. 
By  William  Cooper. 

List  of  species  and  localities  of  plants  collected  during 
the  exploring  expeditions  of  Mr.  Schoolcraft  in  1831  and 
1832.  By  Douglass  Houghton,  M.  D.,  surgeon  to  the  expe- 
ditions. 

A  report  on  the  existence  of  deposits  of  copper  in  the  trap 
rocks  of  Upper  Michigan.     By  Douglass  Houghton. 

Remarks  on  the  occurrence  of  native  silver  and  the  ores  of 
silver  in  the  stratification  of  the  basins  of  lakes  Huron  and 
Superior.     By  H.  R.  Schoolcraft. 

A  general  summary  of  localities  of  minerals  observed  in 
the  Northwest.     By  Henry  R.  Schoolcraft. 

Geological  outlines  ot  the  valley  of  Takwymenon,  in  the 
basin  of  Lake  Superior.     By  H.  R.  Schoolcraft. 

Suggestions  respecting  the  geological  epoch  of  the  deposit 
of  the  red  sandstones  ot  the  St.  Mary's  Falls  ot  Michigan. 
By  H.  R.  Schoolcraft. 

Table  of  geographical  positions  observed  in  1836.  By  I. 
N.  Nicollet. 
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Report  of  a  Geohgical  Reconnoismnce^  made  in  1835  yrom 
the  seat  of  Government  by  the  way  of  Green  Bay  and  the 
Wisconsin  lerritory  to  the  Ooteau  de  Prairie^  an  elevated 
ridge  dividing  the  Missouri  from  the  St.  Peter^s  river.  By 
6.  W.  Featberstonhaugh,  U.  S.  Oeologiat.  Dated  April 
82,  1836.  Printed  by  order  of  tbe  Senate.  Doc.  333, 
pp.  168. 

Jfbtes  on  the  Wisconsin  Territory^  particularly  ttith  refer- 
ence to  the  lofjoa  district^  or  Black  Hawk  Purchase  with  a  map. 
By  Lieut.  Albert  Lea,  U.  S.,  Dragoons,  1836,  16  mo.  53 
pages,  close  print. 

Report  intended  to  illustrate  a  map  of  the  hydrographiccd 
basin  of  the  Upper  Mississippi  river.  By  I.  N.  Nicollet  in  em- 
ploy under  the  bureau  of  the  Corps  of  Topographical  Engi- 
neers, and  under  instructions  dated  April  7,  1888,  pp.  170, 
26th  Congress,  2nd  Session,  Senate,  [237J.  Printed  Feb. 
16,  1841,  500  copies  ordered  :  Also  28th  Congress,  2nd. 
sess.,  House  of  Reps.  [52],  Jan.  11.  1845,  1500  copies  or- 
dered. 

This  valuable  document  on  the  Upper  Mississippi  consists 
of:— 

Part  I.  Physical  Geography  of  the  region  embraced 
within  the  map,  with  incidental  notes  on  its  geology,  min- 
eralogy and  botany. 

Part  II.  Comprises :  determination  of  altitude  by  bar- 
ometer ;  determination  of  time ;  determination  of  latitude ; 
determination  of  longitude ;  a  table  showing  results  of  ob- 
servations. 

[A  sketch  of  the  early  history  of  St.  Louis  was  prepared 
by  Mr.  Nicollet  to  accompany  his  report,  but  as  he  died 
without  assigning  it  a  place  it  is  inserted  after  Part  I.] 

Appendix  **  A  ^Ms  a  table  of  geographical  positions  giving 
latitudes,  longitudes  and  altitudes  above  the  guU  of  Mexico. 

Appendix  **  B  'Ms  a  catalogue  of  plants  collected  by  Mr. 
Charles  Geyer,  under  the  direction  of  Mr.  I.  N.  Nicollet 
during  his  exploration  of  the  region  between  the  Mississippi 
and  Missouri  rivers.    By  Prof.  John  Torrey,  M.  D. 

Appendix  *«C''  is  a  list  of  fossils  belonging  to  the  sev- 
eral formations  alluded  to  in  the  report,  arranged  accord- 
ing to  localities. 

A  Canoe  Voyage  up  the  Minnay  Sotor,  with  an  ac- 
count of  the  lead  and  copper  deposits  of  Wisconsin,  of 
the  gold  region  ot  the  Cherokee  country,  and  sketches  of 
popular  manners,  &c.,  &c.,  &c.  By  G.  W.  Featherston- 
haugh,  F.  R.  S.,  F.  G.  S.  The  preface  is  dated  Deo. 
1846,  8vo.   Vol.  I  has  pp.  416,  Vol.  II  has  pp.  351. 
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Beport  of  a  geological  survey  of  Wisconsin «  Iowa 
and  Minnesota,  and  incidentally  of  a  portion  of  Nebraska 
Territory.  Made  under  instructions  from  the  U.  S.  Treas- 
ury Department,  by  David  Dale  Owen,  U.  S.  Geologist, 
during  the  years  1847,  1848,  1849  and  1850.  4to,  pp. 
038,  72  wood  cuts,  il  steel  plates  18  colored  maps, 
stone  and  copper.  Philadelphia,  Lippencott,  Grambo  & 
Co.,  1852. 

This  volume,  embracing  ajfield  extending  from  St.  Louis 
to  the  British  line,  and  from  the  west  shore  of  Lake  Michi- 
gan to  the  Missouri  river,  is  by  lar  the  most  valuable  con- 
tribution to  the  natural  history  of  the  northwest  that  had 
at  that  time  appeared.  It  throws  the  first  real  light,  derived 
from  the  systematized  science  of  modern  times  on  the 
geology  and  the  present  fauna  and  flora  of  Minnesota.  The 
works  of  Major  Long  and  of  Mr.  Schoolcraft,  mainly  nar- 
rative or  dealing  with  observations  incidentally  made  on  the 
geology  and  natural' history  of  the  routes  they  took,  embrace 
many  essential  facts  and  able  memoirs  on  special  subjects, 
ji'he  report  of  Dr.  Owen  is  both  comprehensive  and  detailed. 
He  had  a  numerous  corps  of  able  naturalists,  and  bis  exami- 
nations were  sufficiently  prolonged  to  enable  him  to  gather 
reliable  facts  enough  to  lay  dowa  correctly  the  groundwork 
of  a  vast  extent  of  scientific  research.  It  is  a  fortunato 
thing  for  geology  that  at  the  head  of  this  enterprise  was  a 
man  so  conscientious  in  bis  statements,  and  so  careful  in  hi» 
researches.  It  is  no  rebuke  to  geology  to  say  that  it  has 
sufieied  less  from  its  open  foes  than  from  the  rash  generali- 
zations of  some  of  its  advocates.  Dr.  Owen  was  enabled 
not  only  to  prove  the  falsity  of  some  of  the  statements  of 
mere  tourists  who  had  passed  through  the  State,  but  to  es- 
tablish on  correct  paleontological  evidence  the  age  of  most 
of  the  bedded  rocks  of  Minnesota,  and  to  throw  much  light 
on  its  topography  and  soil.  It  would  bo  expecting  too 
much  to  look  for  a  pioneer  report  on  so  vast  a  field  that 
should  show  no  errors.  Some  of  these  have  already  been 
pointed  out  by  more  recent  observers  who  confined  their  ex- 
aminations to  certain  parts  of  the  territoiy  on  which  Dr. 
Owen  reported.     Others  may  appear  hereafter. 

Dr.  Owen's  corps  consisted  of  the  following  gentlemen : 

J.  G.  Norwood,  Assistant  Geologist. 

J.  Evans,  B.  F.  Shumabd,  B.  C.  Macy,  C.  WniTTLESET, 
A.  Litton,  Ii«  Owen,  Heade  of  Sub-Corps. 

G.  Warben,  H.  Pratten,  F.  B.  Meek,  J.  Beal,   Sub- 
Assistants. 
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Dr.  Owen*8  own  report,  covering  the  first  206  pages  of 
the  volume,  is  divided  into  six  chapters.  He  gives  a  brief 
history  of  the  explorations  of  the  various  corps,  sketches  the 
difficulties  and  adventures  which  befell  them,  and  names  the 
salient  points  of  interest  in  the  progress  and  the  results  of 
the  survey,  in  the  Introduction.  The  chapters  are  as  fol- 
lows: 

Chapter  I.  Formations  of  the  Upper  Mississippi  and  its 
tributaries,  belonging  to  the  Silurian  period. 

Chapter  II.  Formation  of  Cedar,  and  part  of  Lower 
Iowa  river,  belonging  to  the  Devonian  period. 

Chapter  III.  Carboniferous  rocks  of  southern  and  west- 
ern Iowa. 

Chapter  IV.  Formations  of  the  interior  of  Wisconsin 
and  Minnesota. 

Chapter  V .    Fortnations  of  Lake  Superior. 

Chapter  VI.  Incidental  observations  on  the  Missouri 
river,  and  on  the  Mauvaises  Terres  (Bad  Lands). 

Dr.  Norwood's  Report  on  some  portions  of  the  country 
adjacent  to  Lake  Superior  consists  of: — 

Chapter  I.     Boundaries  and  topographical  notices. 

Chapter  II.  Descriptive  catalogue  of  the  rocks  referred 
to  in  his  report. 

Chapter  III.  Narrative  of  the  explorations  made  in 
1847,  between  La  Pointe  and  St.  Louis  river;  and  between 
Fond  du  Lac  and  the  Falls  of  St.  Anthony,  and  on  the  St. 
Croix  river. 

Chapter  IV.  Physical  structure  and  geology  of  the 
northwestern  and  western  portions  of  the  valley  of  Lake 
Superior. 

Col.  Chas.  Whittlesey's  Report  pertains  to  that  portion  of 
Wisconsin  bordering  on  the  south  shore  of  Lake  Superior. 

Chapter  I.  (General  description  and  ;pcology  of  the  Bad 
river  country,  and  of  that  between  the  Bad  river  and  the 
Brule ;  with  descriptions  and  detailed  sections  of  rocks  like 
those  which  in  Michigan  are  copper-bearing ;  and  accounts 
of  the  magnetic- iron  beds  of  the  Penokie  Iron  Range,  and  of 
"  Iron  Ridge",  in  Dodge  county,  Wisconsin. 

Chapter  II.  Description  of  the  country  between  the  Wis- 
consin and  Mcnomouio  rivers ;  with  a  discussion  of  the  gen- 
eral geology,  and  its  relations  to  other  parts  of  the  North- 
west. 

Chapter  III.  Red  clay  and  drilt  of  Green  l.'ay  and  Wis* 
cousin. 
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Chapter  VI.  Barometrical  and  thermometrical  observa- 
lions. 

Chapter  V.     Lumbering  on  the  waters  of  Green  Bay. 

Dr.  B.  F.  Shumard's  report  pertains  to  local  and  detailed 
observations  in  the  valleys  of  the  Minnesota,  Mississippi  and 
Wisconsin  rivers. 

Chapter  I.  Detailed  observations  on  the  St.  Peter's  and 
its  tributaries. 

Chapter  II.    Local  sections  on  the  Upper  Mississippi. 

Chapter  III.  Local  sections  on  the  Wisconsin  and  Bar- 
aboo  rivers. 

Chapter  IV.  Observations  on  Snake,  Kettle  and  Rush 
rivers. 

Dr.  J.  Leidy  furnished  for  the  volume  a  memoir  on  the 
remains  of  extinct  Mammalia  and  Chelania  from  Nebraska 
territory. 

The  appendix  embraces : — 

Article  I.  Description  of  new  and  imperfectly  known 
genera  and  species  of  organic  remains  collected  during  the 
geological  surveys  of  Wisconsin,  Iowa  and  Minnesota.  By 
D.  D.  Owen. 

Article  II.  Descriptions  of  one  new  genus  nnd  twenty- 
two  new  species  of  crinoidea^  from  the  subcarbonijerou^ 
limestone  of  Iowa.     By  D.  D.  Owen  and  B.  F.  Shumard. 

Article  III.  Summary  of  the  distribution  of  orders,  ge- 
nera and  species  in  the  north-west. 

Article  IV.  Additional  chemical  examinations.  By  D. 
D.  Owen. 

Article  V.  Systematic  catalogue  of  plants  of  Wisconsin 
and  Minnesota.     By  C.  C.  Parry. 

Article  VI.  Table  of  stratigraphical  and  geographical  dis- 
tribution of  genera  and  species  in  the  northwest. 

Pembina  Settlement.  Letter  from  the  Secretary  of  War 
transmitting  report  of  Maj.  Wood  relative  to  his  expedition 
to  Pembina  settlement,  and  the  condition  of  afiairs  on  the 
northwestern  frontier  of  the  territory  of  Minnesota.  Mar. 
19,  1850.  8vo.  pp.  55.  Ex.  Doc.  No.  51,  31st  Ct^ng.,  Ist 
eession. 

Letter  from  the  Secretary  of  War  communicating  the 
report  of  an  expedition  to  the  Territory  of  Minnesota.  By 
Brevet  Capt.  Pope,  Feb.  5,  1850.  Senate,  3 Ist  Congress, 
1st  Sess.  Ex.  Doc.  No.  42,  pp.  56.  Comprises  nine  chap- 
ters and  an  appendix  containing  tables  of  distances. 

Letter  from  the  Secretary  of  War  transmitting  report  cif 
Brevet  Captain  J.  L.  Reno,  on  the  survey,  &c.,  of  a  road 
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from  Mendota  to  tho  Bix  Sioux  riv^er.  33rd  Coogress,  1st 
Session,  House  of  Reps.  [97],  pp.  12. 

Reports  ot  explorations  and  surveys  to  ascertain  the  most 
practicable  and  economicsl  route  for  a  railroad  from  the 
Mississippi  river  to  the  Pacific  ocean.  Made  under  the  di- 
rection ot  the  Secretary  of  War  in  1853-4,  according  to  acts 
of  Congress  of  May  3,  1853,  May  31,  1854,  and  August  5, 
1854.     Thirteen  volumes,  4  to.,  Washington,  1856-60. 

Single  papers. 

1.  Route  near  the  47th  and  49th  parallels  of  north  lati- 
tude, Vol.  I,  pp.  39-55. 

2.  Synopsis  of  a  report  of  the  reconnoissance  of  a  railroad 
route  from  Puget  Sound,  via  Smith's  Pass  to  the  Mississippi 
river.     By  Fed  W.  Lander,  C.  E.  Vol.  II,  pp.  45. 

Vol.  XII.  Parts  I  and  II  are  wholly  devoted  to  the 
Northern  Pacific  Route,  viz : 

Part  I.  Narative  and  final  report  of  exploration  for  a 
route  for  Pacific  R.  R.  near  the  47th  and  49th  parallel  of 
north  latitude,  from  St.  Paul  to  Puget  Sound.  By 
I.  I.  Stevens,  Oovernorof  Washington  Territory,  1855,  pp. 
358.  41,  2  maps,  1  profile,  70  engravings. 

Part  II.  Botonical  Report,  pp.  7-76,  6  plates ;  Zoologi- 
cal Report,  pp.  1-399,  76  plates. 

Letter,  upon  the  Agricultural  and  Mineral  resources  of 
the  northwestern  territories,  on  the  route  of  the  Northern 
Pacific  R.R.  By  Philip  Ritz,  Washington,  D.  C,  8  vo, 
pp.  8,  1868. 

Minnesota.*  Its  place  among  the  States ;  being  tho  First 
Annual  Report  ot  the  Commissioner  of  Statistics,  J.  A» 
Wheelock,  for  the  year  ending  Jan.   1st,   I860,     8vo.  pp. 

171. 

Minnesota.  Its  progress  and  capabilities;  being  the 
Second  Annual  Report  of  the  Commissioner  of  Statistics^ 
for  the  year  1860  and  1861.  By  J.  A.  Wheelock.  8vo. 
pp.  126. 

Notes  on  the  Geology  of  some  portions  of  Minnesota  from 
St.  Paul  to  the  western  part  of  the  State.  By  James  Hall, 
1866,  4to.  pp.  12.  Read  June  15,  1866,  before  the  Am. 
Assc.  Adv.  Sci.  at  Buffalo,  N.  Y. 

Survey  of  the  Upper  Mississippi  River.  Letter  from 
from  the  Secretary  of  War  in  answer  to  the  resolution  of  the 
House  ♦  *  *  with  General  Warren's  report  of  the 
surreys  of  .the  upper  Mississippi  river  and  its  tributaries, 
8vo.,  pp.  116,  Sen.  Doc.  39th  Cong.  2d  Sess.  Feb.  15,  1867. 

Jteporl  of  Oen.  Warren  on  the  survey  of  (he  Upper  JtUs^ 
5 
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siasippi  liiver^  for  the  year  ending  June  30,  1867.  8  vo.  pp. 
6.  [Printed  in  appendix  <*  D",  Report  of  the  Chiof  of  En- 
gineers ;  and  as  Ex.  Doc.  No.  1.  House  of  Reps.  40th  Cong. 
2d  Sess.,  Sept.  14,  1867.] 

Report  of  Gen,  Warren  on  the  Survey  of  the  Upper  JUis^ 
sisaippi  River  Jor  the  year  ending  9  8  vo.  pp.  10,  40lh 
Cong.,  2d  Sess.     Ex.  Doc.  247.  April  8,  1868. 

Report  of  Gen.  Warren  for  tiie  year  ending  June  30, 1868, 
on  the  Survey  of  the  Upper  Mississippi  River.  8  vo.  pp.  86. 
[Printed  in  Appendix  *«G",  Report  of  Chief  Engineers ; 
and  as  Ex.  Doc.  1,  Part  II.,  House  of  Reps.  40th  Cong.  Sd 
Sefs.  Aug  31,  1868.] 

On  certain  Physical  Features  of  the  Upper  Mississippi 
River.  By  G  Gen.  G.  K.  Warren.  Read  by  Gen.  War- 
ren before  the  Am.  Assc.  Adv.  Sci.  Aug.  1868«  Chicago,  III. 
[Printed  only  in  the  American  Naturalist  for  November 
1868.] 

Geology  of  Southern  Minnesota.  A  scries  of  five  papers 
by  W.  D.  Hurlbut,  published  in  the  4th  volume  of  the  Miu- 
iirsota  Teacher,  1871. 

Geological  Rambles  in  Minnesota.  Two  papers  published 
in  the  4th  volume  of  the  Minnesota  Teacher,  1871.  By  J. 
H.  Kloos. 

A  Cretaceous  baisin  in  the  Sauk  Valley,  Minnesota.  By 
J.  H.  Kloos.  A  paper  published  in  the  Am.  Journal  of 
Science  and  Arts,  Jan.  1872,  dated  October  1871.  Con- 
<]ensed  and  republished  in  the  Minnesota  Teacher,  vol.  5» 
1872. 

The  first  State  Legislature  met  in  1851K  Although  it  was 
burdened  with  the  legislation  incident  to  the  organization  of 
the  various  institutions  of  the  new  State,  the  subject  of  a  ge- 
ological survey  and  its  evident  importai'co  to  the  material 
development  of  the  State,  received  due  attention.  A  law 
was  passed  ordering  at  once  a  reprint  of  portions  of  the  Ge- 
ological report  of  Wisconsin,  by  Professor  Daniels,  for  the 
years  1854  and  1858.  This  republication,  printed  in  1860, 
contained  Dr.  D.  F.  Weinland's  "  Sketch  of  the  Lead  Re- 
gion", with  uole^  on  the  evidences  of  iron  ore,  which  closed 
with  a  statement  of  the  '*  objects  of  a  geological  and  natural 
history  survey  ",  embracing  M  pp.,  dated  Cambridge,  Mass., 
Oct.  27,  1857.  It  also  embraced  a  paper,  read  bot'ore  the 
American  Geographical  and  Statistical  Society  on  the  31^t  of 
February  1856,  by  Mr.  A.  S.  Hewitt,  on  the  •«  Statistics  and 
History  of  the  Production  of  Iron",  pp.  47»  Five  hundred 
copies  ordered  printed. 
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The  Second  Legislature  passed  March  10, 18G0,  a  concur* 
Tcnt  resolution  providing  for  «•  Commissioners"  to  report  on 
the    Geology    of  the  btate,  and  to  submit  a  plan    for    a 
thorough  geological   survey    of  the  State.     The  commis- 
sioners appointed  were  Charles  L.  Anderson  and   Thomas 
-Clark.     These  gentlemen  submitted  separate  reports  uu^er 
the  date  of  Jan.  2f)th,  1861,  making  an  octavo  pamphlet  of 
56  pages,  of  which  2,000   copies    were    ordered    printed. 
;  This  pamphlet  embraces  a  chapter  on  the  General  Geologi- 
cal Features  o.  Minnesota,  and  one  on  a  Plan  for  a  Geolo^i- 
cal  Survey,  by  Mr.  Anderson;  also  one  by  Mr.  Clark. on 
the  Meteorology  of  the  State,  and  another  on  Some  General 
Topographical  and    Geographical .  Features  of  the  North - 
western  portion  of  the  State.     The  (first?)   report  of  the 
State  Geologist,  Aug.  H.  Hauchett,  M.  D.,  is  a  pamphlet 
of  82  pages,  8vo.,  and  is  dated  New  York  City,  Nov.    13, 
1864.     It  was  made  in  pursuance  of  Executive  Instructions 
bearing  date  July  12,  1864.     It  contains  a  short  report  of 
ten  pages,  by  Dr.  Hanchett,  and  a. valuable  report  by  Mr. 
Clark  on  (1).     The  Physical  Geography  of  the  district  em- 
braced in   that  portion  of  the  State  bordering    ou    Lake 
Superior.     (2).     A.  discussion  of  the  Meteorology  of  the 
district.     (3).     A  list  of  the  leading  plants  and  trees  of  the 
district.     500  copies  printed. 

The  first  report  of  H.  U.  Eames,  as  Slate  Geologist,  was 
made  in  pursuance  of  an  act  of  the  Seventh  Legislature,  aud 
printed  in  1866.  Two  editions  of  3,000  copies  each  were 
ordered.  It  is  a  pamphlet  of  23  pages,  and  pertains  spec- 
ially to  "The  Metaliferous  regiifu  bordering  on  Lake 
Superigr.''  It  gives  the  details  of  personal  explorations  and 
the  results  of  chemical  assays  of  ^res  for  the  precious  metals. 

Report  oi  Explorations  in  the  Mineral  llegions  of  Minne- 
sota, during  the  years  1848,  1859  and  1864;  by  Col.  Chas. 
Whittlesey.  Printed  by  order  of  the  legislature  in  1866, 
8vo.  pp.  52,  close  type,  with  wood-cut  illustrations.  3,000 
copies  ordered « 

This,  by  fur  the  most  valuable  State  document  pertaining 
to  the  geology  aud  natural  history  of  the  State  that  has  yet 
appeared,  embraces  short  chapters  as  follows :  General 
Geology  ;  Phenomena  of  the  Drilt  Period  ;  General  Eleva- 
tions in  Minnesota;  Fluctuations  in  the  level  ot  the  lakes; 
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Climate ;  Notes  on  the  valley  of  the  Baragas  River, 

•*  •«  Eawimbash  River, 

•«  ««  Two  Islands  River, 

•«  *•  Manedowish  River, 

«•  ••  BaDtism  River, 

1.  ««  «•  Palisade  River, 

««  •*  Beaver  River, 

••  •*  Low  Bush  River, 

« •  * '  Encampment  River, 

«*  **  French  River, 

**  •*  Knife  River, 

•*  '*  Sucker  River, 

« *  *  *  Henry  Schmidt's  River  ^ 

«'  *•  Hollow  Rock  River, 

*»  •*  St,  Louis  River, 

•*  •«  Rainy  Lake  River, 

Notes  on  the  Shores  of  the  Esquamega,  Vermillion  and  Crana 
lakes,  and  on  the  Cost  of  Mining  Copper. 

Geological  Reconnoissance  of  the  Northern,  Middle  and 
other  counties  of  Minnesota.  By  Henry  H.  Eames,  State 
Geologist,  printed  in  1866,  8vo.,  58  pp.  This  pamphlet 
comprises  the  second,  and  last,  report  of  Mr.  Eames.  It 
embraces : 

A  brief  outline  of  the  different  formations  or  systems  of 
rocks  that  form  the  crust  of  the  earth ;  remarks  on  the  igne- 
ous, the  coal-bearing,  and  the  sandstone  and  limestone  rocks 
of  the  State ;  also  on  Peat ;  on  Mineral  and  Fissure  Veins ; 
on  Agricultural  Chemistry ;  on  a  geological  reconnoissance  , 
**in  detail'^  of  the  counties  of  St.  Louis,  Lake,  Itasca,  Cass, 
Todd,  Otter  Tail,  Douglass,  Stearns,  Morrison,  Benton, 
Sherbourne,  Redwood,  Cottonwood,  Ramsev  and  Washing- 
ton ;  together  with  results  of  assays  and  thermometrical  and 
barometrical  observations  in  the  months  of  June,  July  and 

August. 

Copper  bearing  veins  having  been  discovered  in  the  valley 
of  the  Kettle  river,  and  at  Taylor's  Falls,  in  the  valley  of 
the  St.  Croix  river,  the  Legislature  passed.  Mar.  2,  1865, 
an  act  to  aid  in  their  investigation.  The  report  of  Mr.  N. 
C.  D.  Taylor,  the  following  year,  consists  of  only  two  pages, 
incorporating  Mr.  James  Hall's  estimate  ol  the  copper  pros- 
pects of  that  district,  500  copies  printed. 

Indications  of  brine  having  been  discovered  at  Belle 
Plaine,  in  Scott  county,  the  Legislature  passed,  28th  day  of 
February,  1870,  an  act  appropriating  land  in  aid  of  a  boring 
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'for  the  purpose  of  developing  the  salt,  should  any  exist.  Iq 
1871  another  similar  appropriation  was  made  by  the  Legis- 
lature, conditional  on  a  favorable  report  by  a  competent 
geologist,  to  be  appointed  by  the  Governor.  Prof.  A, 
Winchell,  of  Ann  Abor,  Mich,  haviag  been  so  appointed, 
made  the  required  examination  ;  and  his  report,  dated  June 
17,  1871,  was  printed  by  order  of  the  Senate.  It  is  an  8vo. 
pamphlet  of  16  pages.  Notwithstanding  the  unfavorable 
opinion  of  the  geologist,  the  Legislature  made  the  further 
appropriation,  Feb.  29,  1872,  of  six  other  sections  of  **  State 
Salt  Lands,"  for  the  further  sinking  of  the  well,  making 
eighteen  sections  or  eleven  thousand  three  hundred  and 
twenty  acres  of  land  in  all.  No  brine  in  workable  quantities 
was  obtained. 

The  same  legislature  passed,  March  1st,  1872,  the  present 
comprehensive  law  placing  the  geological  and  natural  his* 
tory  survey  under  the  direction  of  the  Board  of  Kegents  of 
the  State  University.     This  law  reads  as  follows  : 

GENERAL  LAWS  OF  MIKNESOTA,  1872,  CHAPTER  XXX. 

An  Act  to  provide  for  a  Geological  and  Natural  History 
Suivey  of  the  State  and  to  entrust  the  same  to  the  Uni- 
versity of  Minnesota. 

Be  it  enacted  by  ilie  Legislature  of  the  State  of  Mimiesota  : 

Section  1.  It  shall  be  the  duty  of  the  b:)ard  of  regents 
of  the  University  of  Minnesota  to  cause  to  be  begun  a  soon 
as  may  be  practicable,  and  to  carry  on  a  thorough  geological 
and  natural  history  survey  of  the  State. 

Sec.  2.  The  geological  survey  shall  be  carried  on  with  a 
view  to  a  complete  account  of  the  mineral  kingdom  as  rep* 
resented  in  the  State,  including  the  number,  order,  dip,  and 
magnitude  of  the  several  geological  strata,  their  richness  in 
ores,  coals,  clays,  peats,  salines,  and  mineral  waters,  marls, 
cements,  building  stones  and  other  useful  materials,  the  val- 
ue of  said  substances  for  economical  purposes  and  their  ac- 
cessibility ;  also  an  accurate  chemical  analysis  of  Ihe  various 
rocks,  soils,  ores,  clays,  peats,  marls  and  other  mineral  sub- 
stances, of  which  complete  and  exact  records  shall  be  made. 

Sec.  3.     The  natural  history  survey  shall  include,  first 
xm  examination  of  the  vegetable  productions  of  the   State, 
embracing  all  trees,  shrubs,  herbs  and  grasses  native  or  nat- 
uralized in  the  State;  second,  a  complete  and  scientific  ac- 
•count  of  the  animal  kingdom  as  properly  represented  in  the 
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State,  including  all  mammalia,  fishes,  reptiles,  birds  andr 
insects. 

Sec.  4.  The  said  surveys  and  examinations  shall  be 
made  in  the  manner  and  order  following :  First,  the  geolog* 
ical  survey  proper,  together  with  the  necessary  and  implied 
mineralogical  investigations,  all  of  which  shall  be  under- 
taken as  soon  as  may  be  practicable,  and  be  carried  forward 
with  such  expedition  as  may  be  consistent  with  economy 
and  thoroughness;  second,  the  botanical  examinations; 
third,  the  zoological  investigations; provided, however,  that 
whenever  the  said  board  of  regents  may  find  it  most  econ- 
omical to  prosecute  different  portions  of  the  surveys  in  con- 
junction, or  that  the  public  interest  demands  it,  they  may, 
in  their  discretion,  depart  from  the  above  prescribed  order» 
And  in  the  employment  of  assistants,  in  the  said  surveys 
the  board  of  regents  shall  at  all  times  give  the  preference  ta* 
the  students  and  graduates  of  the  University  of  Minnesota, 
provided  the  same  be  well  qualified  for  the  duties. 

Sec.  5.  The  said  board  of  regents  shall  also  cause  to  be 
collected  and  tabulated  such  meteorological  statistics  as  may 
be  needed  to  account  for  the  variety  of  climate  in-the  various 
parts  of  the  State ;  also  to  cause  to  be  ascertained  [by]  bar- 
ometrical observations  or  other  appropriate  means  the  rela- 
tive elevations  and  depressions  of  the  different  parts  of  the 
State ;  and  also  on  or  before  the  completion  of  the  said  sur- 
veys, to  cause  to  be  compiled  from  such  actual  surveys  and 
measurements  as  may  be  necessary,  an  accurate  map  of  the 
State,  which  map  when  approved  by  the  Governor  shall  be 
the  official  map  of  the  State. 

Sec.  6.  It  shall  be  the  duty  of  said  board  of  regents  to 
cause  proper  specimens,  skillfully  prepared,  secured  and 
labelled,  of  all  rocks,  soils,  ores,  coals,  fossils,  cements^ 
building  stones,  plants,  woods,  skins  and  skeletons  of  ani- 
mals, birds,  insects  and  fishes,  and  other  mineral,  vegetable 
and  animal  substances  and  organisms  discovered  or  exam- 
ined in  the  course  of  said  surveys,  to  be  preserved  for  pub- 
lie  inspection  free  of  cost,  in  the  University  of  Minnesota^ 
in  rooms  convenient  of  access  and  properly  warmed,  lighted, 
ventilated  and  furnished,  and  in  charge  of  a  proper  scien* 
tific  curator;  and  they  shall  also,  whenever  the  same  mav  be 
practicable,  cause  duplicates  in  reasonable  numbers  and 
quantities  of  the  above  named  specimens,  to  be  collected 
and  preserved  for  the  purpose  of  exchanges  with  other  State 
Universities  and  scieutific  institutions,  of  which  latter  tho^ 
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Smithsonian  Institution  at  Washington  shall  hare  the  prefer- 
ence. 

Sec.  7.  The  said  board  of  regentsi  shall  cause  a  geologt* 
cal  map  of  the  State  to  be  made,  as  soon  as  may  bo  practi- 
cable, upon  ^hich,  by  colors  and  other  appropriate  means 
and  devices,  the  various  geological  formations  shall  be  rep- 
resented. 

Sec.  8.  It  shall  be  the  duty  of  the  said  board  of  regents, 
through  their  president,  to  make,  on  or  before  the  second 
Tuesday  in  December  of  each  and  every  year,  a  report 
showing  the  progress  of  said  surveys,  accompanied  by  such 
maps,  drawings  and  specifications  as  may  be  necessary  and 
proper  to  exemplify  the  same  to  the  Governor,  who  shall 
lay  the  same  before  the  legislature ;  and  the  said  board  of 
regents  upon  the  completion  of  any  separate  portion  of  the 
said  surveys,  shall  cause  to  be  prepared  a  memoir  or  final 
report,  which  shall  embody  in  a  convenient  manner  all  use- 
ful and  important  information  accumulated  in  the  course  of 
the  investigation  of  the  particular  department  or  portion, 
which  report  or  memoir  shall  likewise  be  communicated 
through  the  Governor  to  the  legislature. 

Sec.  9.  To  carry  out  the  provisions  of  this  act  the  sum 
of  one  thousand  dollars  per  annum  is  hereby  appropriated, 
to  be  drawn  and  expended  by  the  [said]  board  of  regents 
of  the  University  of  Minnesota. 

Sec.  10.  This  act  shall  take  effect  and  bo  in  force 
from  and  after  its  approval. 

Approved  March  1,  1872. 
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II. 

GENERAL  PRINCIPLES. 


Tbo  science  of  geology  is  based  on  those  general  princi- 
ples which 9  resulting  from  the  accumulated  observations  of 
its  advocates  during  the  last  half  century,  have  become  to 
the  geologist  himself  the  merest  alphabet  to  which  he  sel- 
dom recurs  in  the  prosecution  of  his  more  advanced  investi- 
gations. The  following  brief  statement  ot  those  principles 
is  here  given  for  the  benefit  ot  those  persons  who  are  not 
specially  acquainted  with  the  science,  but  yet  are  fascinated, 
perhaps,  by  its  wonderful  progress,  and  its  success  in  utiliz- 
ing its  discoveries  to  the  general  good,  and  wish  to  compre- 
hend at  aglnnce  the  sub-^structure  on  which  it  is  built.  It 
is  not  an  occult  science.  Its  data  are  open  to  the  investiga- 
tion of  the  commonest  observer.  It  is  founded  on  such 
simple  things  as  the  running  of  brooks,  the  blowing  ot 
winds,  the  rippling  of  waves,  the  shining  of  the  sun,  the 
cooling  of  heated  matter,  the  growth  of  vegetation  and  the 
death  of  animals  that  live  on  land  and  in  the  sea.  These 
everyday  operations  have  given  to  the  earth  its  external 
aspects,  and  have  left  their  history  in  the  rocks.  The  con- 
stancy of  the  present  laws  of  nature  through  the  lapse  of  the 
geological  ages,  is  a  pre-requisite  to  the  existence  of  the 
science.  Time,  as  the  word  is  commonly  understood,  must 
bo  immensely  lengthened  out.  These  two  postulates  granted 
— that  time  is  long^  and  that  the  physical  laws  of  the  universe 
have  been  constant  throughout  time — and  nothing  more  is 
needed  for  tbo  fouudatiou  of  the  science.  The  geologist, 
with  these  postulates,  and  by  the  aid  of  a  knowledge  of  the 
physical  laws  of  nature  derived  from  a  comprehensive  exam- 
ination of  the  earth  in  the  light  of  all  the  sciences,  may 
read  in  the  rocks  the  grand  changes  the  earth  has  undergone 
since  "the  beginninv."  The  failure  to  comprehend  the 
science  of  Geology  is  very  often  attributable  to  a  restricted 
acquaintance  with  the  principles  of  other  sciences  which  it 
involves ;  for  however  simple  the  first  processes  in  which  it 
begins,  those  processes  arc,  when  duly  amplified,  very  often 
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the  starting  points  of  other  sciences  which  first  grew  up, 
expanded  and  usurped  the  whole  field  of  scientific  thought. 
It  is  a  simple  thing  to  observe  the  growth  of  a  plant  from 
the  seed — it  is  another  to  know  the  relations  of  that  plant  to 
others  by  which  it  may  be  surrounded,  and  by  botanical  clas- 
sification to  define  its  nature  and  structure.  It  is  an  eas}*^ 
thing  to  see  the  effect  of  the  sun's  rays  on  the  vegetation  of 
the  earth,  and  to  comprehend  the  cause  for  the  change  of 
the  seasons,  as  well  as  to  note  the  alternations  of  day  and 
night,  but  the  versed  astronomer  only  can  realize  the  full 
force  of  the  great  laws  involved  in  these  changes,  and  indi- 
cate their  effect  on  the  earth  when  acting  through  the 
lapse  of  ages.  It  is  an  easy  thing  to  note  the  freezing  up  of 
the  streams,  and  their  bounding  violence  on  being  released 
in  the  spring ;  to  see  the  destruction  of  forests  by  tempests 
and  by  fires ;  to  observe  the  blowing  of  sands  and  the  dash- 
ing of  waves,  but,  although  these  things  are  very  simple, 
the  science  of  meteorology  is  too  abstruse  to  be  even  fairly 
appreciated  by  the  common  mind.  The  rusting  of  iron,  the 
decaying  of  wood,  the  cementation  of  gravel  by  percolating 
water,  the  demolition  of  rocky  outcrops  and  their  conversion 
into  soil  by  the  solvent  action  of  the  moisture  of  the  air  and 
of  overflowing  streams,  are  things  of  common  and  easy 
observation,  but  the  science  of  chemistry,  in  the  light  of 
which  they  alone  can  be  adequately  understood,  is  the  out- 
growth of  the  laws  of  occult  affinities  between  the  particles 
of  matter,  the  full  power  of  which  it  is  impossible  to  esti- 
mate, and  much  more  to  express.  Thus  all  the  sciences, 
and  notably  that  of  zoology,  have  yielded  up  to  the  geologist 
their  keys  to  the  arcana  of  nature,  and  have  assisted  in  inter- 
preting the  otherwise  uninteligible  records  which  lie  in  the 
rocks  of  the  earth.  The  geologist  must  not  be  restricted  to 
the  mere  inspection  of  the  rocks,  for  he  has  to  question  the 
botauist,  the  chemist,  the  zoologist,  the  astronomer,  and  the 
general  physicist.  These  are  in  a  broad  sense  his  aids.  By 
his  generalizations  the  society  ot  the  sciences  is  made  evi- 
dent, and  some  of  Iheir  vuried  bearings  one  upon  the  other 
are  adjusted,  and  expressed  in  their  full  significance.  In 
return  the  science  ot  geology  reflects  light  on  the  other  sci- 
ences. It  gives  greater  value  to  the  labors  of  the  mineral- 
ogist, guides  the  miner  in  his  explorations,  opens  fields  for 
investigation  to  the  chemist,  shows  the  botanist  and  the 
zoologist  thousands  of  unnamed  and  uuclassilicd  species, 
propounds  to  the  astronomer  the  glacial  epoch  tor  cxplaua- 
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tion,  and  explains  to  the  agriculturist  the  true  basis  of  the 
difference  in  soils. 

The  rocks  which  are  classed,  in  general,  as  Granitic  and 
Metamorphic  are  those  which  appeared  first  above  the  waters 
of  the  universal  ocean,  or  have  since  been  upheaved  by  in- 
ternal forces  from  the  heated  mass  within  the  crust.  In  the 
former  case  they  have  been  dry  land  since  they  first  appeared 
above  the  ocean,  and  have  supplied  largely  the  materials  of 
the  later,  overlying,  sedimentary  formations.  In  the  latter 
case  they  have  been  protruded  upward  through  the  sedi- 
mentary rocks,  tilting  them  in  various  directions  and  so  frac' 
turinc]^  their  bcddin;;  as  to  disclose  their  contents  to  the  s:eoI- 
ogist.  Kound  the  bases  of  these  early  granitic  areas  the 
currents  ot  the  ocean,  driven  by  the  rising  and  falling  of  the 
tides,  by  the  rotary  motion  of  the  earth,  and  by  the  unequal 
distribution  of  the  heat  of  the  sun,  flowed  with  an  unceasing 
activity,  and  the  tumultuous  waters  beat  with  a  violence 
that  probably  is  never  witnessed  in  modern  days.  They 
were  thus  gradually  torn  down,  and  their  debris  was  spread 
over  the  uneven  ocean  bed  in  horizontal  layers  according  to 
the  direction  and  force  of  the  currents.  In  that  manner  the 
primordial,  or  Potsdam^  sandstone  was  formed.  It  hence 
ever3'where  lies  at  the  base  of  the  evidently  sedimentary 
rocks.  It  was  deposited  in  the  bed  of  the  ocean.  If  it  now 
appears  as  dryland,  it  is  because  the  ocean's  bed  has  risen 
above  the  water  level.  The  history  which  may  be  read  from 
it  is  that  of  the  ocean's  bed.  It  tells  of  deep  waters  and 
shoal  waters,  of  muddy  bottoms  and  stony  bottoms,  of 
warm,  drying  sunshine  and  gentle  winds,  of  violent  currents 
and  stormy  seas,  of  impure  waters  heated  by  frequent  ejec- 
tions of  sulphurous  gases  from  below  the  thin  crust,  and  of 
chemical  reactions  that  to- day  are  the  familiar  steps  of  the 
laboratory.  It  reveals  the  earliest  of  created  beings.  They 
lived  in  the  ocean.  Their  remains  are  dug  out  of  the  hard* 
ened  sediment  by  the  geologist,  and  he  calls  Wiemjossils. 

The  changes  that  continued  to  go  on  in  the  conditions  of 
the  earth,  owing  to  the  cooling  and  shrinking  of  the  interior, 
elTected  various  changes  in  the  relative  prevalence  and  posi- 
tions of  the  land  and  water.  Additional  dry  land  appeared, 
thus  bringing  from  the  bed  of  the  ocean  a  part  of  the  freshly 
formed  Potsdam  Sandstone.  A  period  of  repose  suflSced  for 
the  deposit  of  the  calcareous  material  of  the  Lower  Magne^ 
sian^  which  next  overlies  the  Potsdam.  This,  however,  was 
not  spread  over  the  earlier  sandstone,  except  where  the  lat- 
U'T  Still  extended  below  the  ocean.      It  was  accompanied 
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vf'iih  new  and  more  abundant  forms  of  animal  lifo,  bo  that  it 
may  be  certainly  distinguished  from  the  foregoing  and  from 
the  succeeding  formations.  The  conditions  of  the  oceanic 
waters,  were  such  that  chemical  reactions  resulted  in  the  pre- 
cipitation of  the  carbonates  of  lime  and  magnesia.  Silica, 
also,  seems  to  have  been  in  solution,  and  to  have  shared  in 
the  incessant  changes  in  the  surrounding  affinities.  These 
three  substances,  with  some  iron  and  traces  of  alumina  and 
manganese,  make  up  the  mass  of  the  Lower  Magnesian  Lime" 
stone.  The  prevalence  of  silica  in  the  form  ot  sand  gives  it 
also  the  name  of  Galciferous  JSandrock,  The  chert,  in  its 
lower  portions,  is  also  largely  composed  of  siliceous  material. 

To  the  Lower  Magnesian  succeeds  the  St.  Peter  Sand- 
stone. That  in  turn  is  followed  in  ascending  order  by  the 
Trenton  shales  and  limestones.  Thus,  through  the  whole 
thickness  of  the  stratified  rocks  of  the  earth,  each  formation 
marks  an  epoch  in  the  history  of  the  ocean's  bed.  The  dry 
land,  constantly  increased  iu  area,  gradually  bringing  to  the 
surface  the  sediments  of  the  latest  preceding  epoch.  Hence 
the  areas  of  the  various  formations  are  arranged  over  the 
face  of  the  country  in  broad  belts  in  consecutive  order,  re- 
vealing the  chronological  system  as  well  as  the  territorial 
accessions  with  which  the  continent  grew. 

The  rocks  thus  deposited  iu  the  bottom  of  the  ocean,  and 
subsequently  raised  to  the  level  of  dry  land,  are  called  strat- 
ified or  aqueous,  in  distinction  from  the  earliest,  or  igneous* 
which  show  no  arrangement  into  beds.  The  lowest  sedi- 
mentary rocks  are  locally  so  changed  by  contact  with  escap- 
ing  gases  and  molten  material  as  to  essentially  alter  their 
usual  character.  The  limestones  have  been  converted  to 
saccharoidal  marbles,  the  sandstones  to  quartzites,  the  clays 
and  shales  to  slates,  while  many  of  the  earliest  are  also  en- 
tirely changed  by  chemical  transformations  among  their  ele* 
ments,  resulting  from  the  same  grand  agencies,  to  schists 
and  even  gneiss,  mica  and  hornblende  slate,  that  can  hardly 
be  distinguished  from  some  of  the  igneous  rocks  themselves. 
The  geologists  of  Canada  even  report  granite  and  syenite, 
pertaining  to  the  Laurentian,  as  metamorphic  sedimentary 
rocks.     (See  Geology  of  Canada,  1863,  p  23.) 

It  is  evident  that  when  the  true  succession  of  the  rocks  of 
the  earth  has  once  been  made  out  by  the  study  of  their  per- 
manent characters,  the  geologist  may  enter  any  country 
however  remote  or  unknown  and  enter  fearlessly  on  the  work 
of  deciphering  the  age  of  its  rocks,  depending  solely  on  the 
universality  of  the  grand  principles  of  his  science. 
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A  complete  geological  history  of  the  past  can  be  read 
from  the  rocks  of  the  earth  only  by  the  study  of  causes  and 
effects  operating  in  the  present.     In  order  to  that  a  perfect 
acquaintance  with  the  various  departments  of  natural  science 
becomes  essential.     The   laws   of  physics,   chemistry  and 
astronomy  have  with  their  multiform  ramifications  played  as 
important  parts  in  the  early  geological  ages  as  they  now  play 
in  the  transactions  ot  every  day.     The  natural  forces  con- 
cerned in  vegtable  growth,  distribution  and  decay  are  in- 
volved in  the  deposition  and  preservation  of  the  coal  rocks 
in  their  proper  horizon.     Hence  botany  with  its  allied  sub- 
ject, meteorology,  is  embraced  in  a  perfect  knowledge  of  ge- 
ology.    The  identification  of  the  rocks  of  the  great    (Joal 
Period^  as  distinguished  from  others  containing  coal  is  based 
on  a  botanical  law,  a  distinction  in  plants.     As  to  zoology 
that  subordinate  department  derives  much  of  its  significance 
and  value  from  the  uses  it  subserves  to  geology.     Its  nomen- 
clature, and  its  principles  have  been  wonderfully  modified 
and  extended  by  the  discovery  and  proper  classification  of 
the  animal  forms  embraced  in  the  strata  of  the  earth's  crust, 
while  the  science  of  zoology  furnishes  to  the  geologist  the 
only  reliable  key  to  the  establishment  of  the  age  ot  any  of 
the  stratified  rocks  of  the  earth.     All  characters,   except 
.  those  known  as  paleontological,  fail  of  permanence,   and 
cannot  be  depended  on  at  distant  points.     A  geological  sur- 
very  cannot  be  conducted,  much  less  completed,  without  a 
full  examination  and  delineation  of  the  animals  and  plants 
that  are  preserved  in  the  rocks  surveyed.     The  dead  past 
far  outnumbers  the  living  present.    It  is  with  the  greatest 
propriety   that  botanical   and  zoological  departments   are 
usually  attached  to  the  geological  surveys  undertaken  by  the 
various  states  of  the  Union  intended  to  embrace  also  the 
enumeration  of  living  species. 

The  subjoined  chart  of  geological  nomenclature  is  intended 
to  convey  an  idea  of  the  relation  of  Minnesota  to  the  great 
geological  sei  icH  of  the  earth,  and  to  express  the  probable 
equivalency  of  some  of  the  names  which  the  formations  have 
received  in  different  states  and  in  Europe. 
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III. 

THE  SURFACE  CONTOUR  OF  THE  STATE. 


The  intimate  relation  subsisting  between  the  geology  and 
the  topography  of  the  State  is  more  evident  than  in  some  of 
the  other  States  of  the  Union.  The  causes  which  determine 
the  location  of  the  great  continental  water  shed  are  those 
which  determined  the  existence  of  the  Laurentian  and  Lake 
Superior  ranges  of  igneous  and  metamorphic  rocks.  The 
area  of  these  rocks  in  Minnesota,  as  well  as  in  Wisconsin 
and  Michigan,  includes  some  of  the  sources  of  the  great  river 
systems  of  the  Northwest  and  of  the  continent.  From  this 
area,  since  pre-silurian  times,  streams  have  run  in  all  direc- 
tions toward  the  ocean.  Within  this  area,  in  the  State  of 
Minnesota,  are  the  headwaters  of  the  St.  Lawrence  system 
of  drainage,  which  enters  the  Atlantic  ocean  toward  the 
past;  those  of  the  Mississippi  which  enters  the  Gulf  of 
Mexico  toward  the  south,  and  those  of  the  Sed  Siverof  the 
North,  which,  taking  an  opposite  course,  finds  the  ocean 
level  toward  the  north,  through  Hudson's  Bay,  in  British 
America.  This  watershed  consists  not  in  the  form  of  a  defi- 
nite and  abrupt  ridge.  The  oldest  rocks  are,  on  the  con- 
trary, spread  out  over  a  very  extensive  region  of  flat  and 
often  prairie  country.  Occasional  knobs  of  these  rocks 
protrude  through  the  drift,  or  they  show  extensive  tracts  of 
denuded  surface,  rising  but  few  feet  above  the  surrounding 
level. 

While  in  general  these  rocks  form  the  principal  water- 
shed, in  some  parts  of  the  State  the  later  sedimentary  rocks 
rise  much  higher  and  give  origin  to  numerous  streams  which 
reach  the  main  valleys  at  considerable  distance  from  the  gran- 
ite areas.  Such  an  elevated  area  of  sedimentary  rocks  occurs 
in  southern  Minnesota,  forming  there  the  summit  of  a  second 
watershed.  Freeborn,  Faribault,  Martin  and  Cottonwood 
counties  are  probably  the  most  elevated  in  the  State,  the  al- 
titude there  reaching  nearly  1,600  feet  above  the  ocean. 
How  much  of  this  extraordinary  elevation  is  due  to  a  mor- 
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aino-like  accumulation  of  drift,  it  is  impossible  to  say,  but 
probably  the  average  Ibickucss  of  that  deposit  would  not  fall 
short  of  one  hundred  feet.  Streams  from  this  area  enter 
Iowa  toward  the  south,  some  also  running  northward  and 
joining  the  Minnesota  river.  The  courhO  of  the  surface 
drainage  is  in  this  case  dependent  very  little  on  the  charac- 
ter of  the  underlying  rock.  But  where  the  drift  is  lighter, 
the  direction  of  subordinate  streams  is  often  determined  by 
the  bearing  of  the  sedimentary  rocks.  A  stream  is  most 
likely  to  be  located  in  the  depression  caused  by  the  erosion 
or  other  destruction  of  the  outcropping  edge  of  a  soft  or  fri- 
able rocU,  the  more  persistent  formation  adjoining  it,  above 
and  below,  forming  the  divides  between  it  and  other  streams. 
Other  causes,  however,  principally  those  superinduced  by 
undulations  in  the  strata  over  long  distances,  so  as  to  cause 
them  to  bear  the  direction  of  the  principal  or  tributary  val- 
leys, and  the  variations  of  level  brought  about  by  the  un- 
equal deposition  of  the  drift  during  the  prevalence  of  the 
ice  of  the  glacial  epoch,  have  very  generally  masked  the 
effect  of  unequal  erosion  of  the  strata  on  the  direction  of  sur- 
face drainage.  One  remarkable  instance  of  the  efl'ect  of 
geological  causes  in  determining  the  location  of  valleys,  and 
hence  of  drainage  streams,  through  variations  in  the  hard- 
ness of  the  underlying  rock,  may  be  mentioned.  The  Mis- 
sissippi river,  from  a  short  distance  below  the  mouth  of  the 
St.  Croix  to  the  southern  bouniiary  line  of  the  State,  and  to 
the  mouth  of  the  Wisconsin  river  which  joins  it  at  Prairie  du 
Chien  from  the  east,  flows  through  a  tract  of  country  in 
which  the  drift  forces  acted  with  far  less  violence  than  in 
other  tracts  further  to  the  east  or  west,  or  even  further  to 
the  south.  Whatever  may  be  the  cause  of  the  comparative 
exemption  of  this  district  from  the  prevalence  of  the  drift  in 
that  latitude  in  other  parts  of  the  United  States,  it  is  a  fact 
60  observable  that  Mr.  J.  D.  Whitney,  some  years  ago,  de- 
nominated it  a  *•  drillless  region",  where  it  enters  the  State 
of  Jowa.  Hence  it  is  here,  if  anywhere,  that  iho  character 
of  the  underlying  rock  would  influence  the  direction  of  drain- 
nge.  Throu<2hout  this  distance  (he  bluffs  of  the  Mississippi  arc 
^pecially  elevated  and  rocky.  The  river  has  not  uifro- 
quently  cut  into  the  formations,  with  which  it  comes  in  con- 
tact, a  peipendicular  depth  of  over  six  hundred  feet,  exca- 
vating a  channel  often  of  four  or  five,  and  sometimes  of 
neaily  ten  miles  in  width.  Sometimes  old  channels  that 
have  been  abandoned  lie  along  one  side,  or  both,  and  iire 
tilled  with  water  only  during  the  freshet  seaeon.     Through- 
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sar.  out  this  distance  it  follows  exactly  the  strike  of  the  Lower 
IJ  nc:  Silurian  rocks*  The  St.  Peter  Sandstone^  on  which  it  enters 
•ea  e:  at  St.  Anthony's  Falls,  is  underlain  by  a  very  enduring  rock 
r:inj  i  known  as  the  Lower  Magnesian  Limestone.  That,  in  order 
«[:r.  is  also  underlain  by  the  more  erosible  sandstones  of  the  St, 
?  cii-  Croix  valley.  Hence  we  have  an  enduring  limestone  rock 
intercalated  between  two  easily  destructible  sandstones. 
Yet  it  is  a  remarkable  fact  that  this  limestone,  the  strike  of 
which  would  ordinarily  form,  under  the  operation  of  natural 
causes,  a  ridge  or  divide  turning  the  surface  waters  in 
err  opposite  directions  into  the  valleys  of  the  sandstone  areas, 
forms  the  summits  of  the  river  bluffs  nearly  the  whole  dis- 
tance. The  river  has  not  only  cut  its  channel  through 
the  first  sandstone,  a  thickness  of  over  one  hundred  feet, 
and  the  Lower  Magnesian  Limestone,  a  thickness  of  about 
three  hundred  feet,  but  also  into  the  lower  sandstone  to  the 
depth  of  two  or  three  hundred  feet,  on  which  it  is  now  run- 
ning. At  the  present  time  the  river  lies  in  the  strike  of  the 
more  enduring  limestone,  the  overlying  sandstone  having 
retreated  from  the  immediate  river  banks.  Its  agency  in 
locating  the  river  is  only  manifest  by  the  existence  to  the 
present  day,  of  isolated  outliers  of  it,  in  the  form  of  the  well 
known  <•  Trenton  Mounds,"  on  the  eastern  side  of  the  river, 
its  present  line  of  outcrop  running  some  miles  further  west. 
AVliile  the  river  has  been  slowly  wearing  its  way  into  the 
Lower  Magnesian  Limestone^  and  through  it  into  the  St. 
Croix  Sandstone^  on  the  line  where  the  overlying  St.  Peter 
Sandstone  predetermined  it,  the  St.  Peter  itself  has  almost 
entirely  disappeared  from  the  river,  and  been  lost  under  the 
attacks  of  the  elements,  its  substance  having  been  spread 
over  the  high  prairies,  or  on  the  low  bottom  lands,  as  the 
principal  ingredient  of  the  rich  loams  which  characterize 
hat  portion  of  Minnesota.     Hence  we  also  have  the  singular 
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ally  reach  it  by  flowing  to  the  east.  This  can  be  explained 
only  on  the  supposition  that  the  St.  Peter  Sandstone  for- 
merly had  its  outcrop  about  where  the  Mississippi  now  runs, 
formmg  then  there,  as.it  forms  now  along  its  line  of  junc- 
tion with  the  Lower  Magnesian  Limestone^  a  marked  depres- 
sion in  the  general  surface,  but  that  in  the  lapse  of  time  its 
line  of  outcrop,  and  necessarily  that  of  all  overlying  rocks, 
was  driven «  by  the  operation  of  destructive  agencies,  further 
to  the  west,  leaving  the  next  lower  formation  to  round  out 
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or 


the  bluffs  along  the  river,  The  tributary  streams,  havin 
once  entered  the  Mississippi  from  the  west,  would  keep  their 
beds  also  eroded  down  to  a  level  with  that  river,  and  would 
continue  to  enter  that  stream  by  passing  in  like  manner 
between  high  and  rocky  banks,  which  would  attain  their 
greatest  height  just  at  their  union  with  the  bluffs  of  the  Mis- 
sissippi. At  Prairie  du  Chien  the  direction  of  the  strike  of 
the  HL  Peter  Sandstone^  and  of  all  the  Silurian  rocks 
changes,  and  passes  away  from  the  Mississippi  valley  toward 
the  east.  But  the  Wisconsin  river  bears  the  same  relation 
to  the  St.  Peter  Sandstone^  running  along  its  ancient  line  of 
bearing,  its  main  outcropping  edge  being  driven  away  from 
the  immediate  valley  toward  the  south,  while  outliers  on 
the  northern  side  attest  its  former  prevalence  intact  over  the 
whole  valley. 

Enough  has  been  said  to  show  the  importance  of  a  knowl- 
edge of  elevations  above  a  common  level  at  all  ascertained 
points  throughout  the  State.  Efforts  have  been  made  to 
obtain  the  hypsometrical  data  of  the  State  complete  up  to 
the  present  time,  so  far  as  indicated  by  railroad  or  other 
surveys.  The  following  list  of  elevations  is  the  result.'  To 
this  list  additions  will  be  made  from  time  to  time.  The 
figures  show  the  altitudes  of  the  points  named  above  Lake 
Superior,  and  above  the  ocean.  When  not  otherwise  meu- 
tioned,  the  points  given  are  on  the  grade  of  the  road. 
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On  the  line  of  the  Lake  Superior  &  Misswippi  22.  R, 
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Above 

Lake 

Super'or 


Surface  of  Lake  Superior  at  Duluth  in  1870. . . 

Dnluih 

Thomson.    Dalles  of  the  St.  Louis  river 

High«ist  point  on  entire  line,  both  of  grade 

and  natural  surface 

Moose  Lake  depot 

Kettle  River  depot.    (Ground  a  little  to  the 

north  and  south  Is  15  to  20  feet  higher) .... 

Hinckley,  at  Grindstone  river 

Lowest  place  between   Hinckley    and   next 

summit • 

Summit 

Summit    (20  feet  higher  than  at    ^  mile  to 

theN.  or  S.) 

Pine  City,  at  Snake  river 

Two  and  a  half  miles  south  of  Snake  river,  at 

summit 

Rush  City,  at  creek 

Descending   gradually   ft*om    Rush   City   to 

Goose  Lake 

Goose  Lake •••* 

Between  Goose  Lake  and  N.  Branch 

N.  Branch,  at  creek 

Between  N.  Branch  and  Wyoming 

Wyoming,  at  the  river. 

Wyoming  depot 

Forest  Lake  depot *. 

Summit  between  Forest  Lake  and  Rice  Creek 

Rice  Creek 

Country  generally  level  for  Ave  miles  south  of 

Rice  Creek 

CentrevlUe  depot « 

Junction  at  White  Bear  Lake 

Summit  between  White  Bear  Lake  and  St. 

Paul  (8  feet  cut) 

Between  Phalen's  Lake  and  St.  Paul 

Lowest   known   water   In  I 

Miss.  li.  at  St.  Paul...  •  (Extreme  range  > 
Highest  known   water   In  f       81  feet.        3 

Miss.  R.  at  St.  Paul j 


a 

5 
427 

566 
452 

512 
423 

405 
423 

885 
844 

878 
80«*i 


286 
815 
288 
806 
287 
297 
804 
858 
816 


827 
820 

859 
270 

76 
97 


Above 

the 
Ocean. 


600 

605 

1027 

1166 
1052 

1113 
1028 

1005 
1023 

985 
944 

978 
d08i 


886 
915 
888 
906 
887 
897 
904 
953 
916 


927 
920 

959 

870 

676 
697 


CO 


ANKUAL  liEPOKT. 


On  the  line  of  the  Northern  Pacific  R.  R. 

FURNISHED  BY  W.  MILNOB  BOBEBTS,  CHIEF  ENOmEEB. 


Miles 

ftom 

Duluth. 


0 
24 
24.2 
27 
84 
84.1 
41.7 
44.7 
46 
61.7 
51.9 
55.2 
68.1 
62.2 
62.8 
65.4 
72.3 
73.8 
76 
76.5 
£08 
SA.b 
«5.3 
HTA 
87.7 
90.2 
91.8 
97.5 
98.2 

103.6 

115 

115.5 

120.6 
120  9 
222.5 
124.7 
127.6 
128.2 
133.5 
136.5 
187.  L 
14L.5 
148.8 
150.9 
151.3 
151.5 
165.3 
]56.5 
158.2 


Duluth  (level  of  L.  Superior)  about 

Junction  (natural  ground) 

Junction  (grade) 

Oiter  Creek  (bed  of  creek) 

(Natural  ground) 

Norman  (grade) 

Kettle  River  (bed  of  the  river) 

( Natural  ground) 

Island  Lake  (grade) 

Tamarack  River  (bed  of  the  river) 

/    (Natural  ground) 

(Natural  ground) 

Sicottes  (grade) 

Hay  River  (bed  of  the  river) 

(Natural  ground) 

Sandy  River  (bed  of  the  river) < 

(Natural  ground) 

(Natural  ground ) 

Kimberly  (grade) 

Rice  River  (bed  of  the  river) 

(Natural  Ground) 

Siaabagama  Creek  (Bed  of  creek) 

(Natural  surface) 

Aiken  (Grade) 

Mud  river  (Bed  of  the  river) 

(Natural  Ground) 

Cedar  river  (Bed  of  the  river)  ^ 

(Natural  surface) 

Withington  (Grade) 

(Natural  Surface) 

Bralnard  (Grade) 

Mississippi  river  (Bed  of  Ri vor) 

Banks  of  the  Mississippi  river  (Grade) 

Frenchman's  (Grade) 

(Natural  ground) 

Gall  river  (Bed  of  the  river) 

(Natural  ground) 

Pillager  creek  (Bed  of  creek) 

Pillager  (Grade) 

(Natural  ground) 

Crow  Wing  river  (Bed  of  the  river) 

Motley  (Grade) 

(Natural  ground) 

IIa>den*g  Branch  (Bed  of  creek) 

(Natural  ground)  •  • 

Aldrich  (Grade) 

Partridge  river  (Bed  of  river) 

(Natural  ground) 

Wing  River  (Bed  of  river) 

(Natural  ground) 


Above 

Lake 

Superi'r 


0 
479 
480 
526 
733 
722 
685 
729 
705 
685 
709 
678 
665 
622 
638 
613 
612 
660 
631 
603 
648 
600 
635 
602 
586 
618 
598 
699 
666 
697 
604 
538 
<i04 
599 
606 
661 
604 
666 
51*0 
622 
697 
620 
660 
624 
742 
726 
704 
747 
712 
757 


Above 

the 
Ocean. 


600 
1079 
1080 
1126 
1388 
1822 
1285 
1829 
1305 
1285 
1809 
1278 
1265 
1222 
1238 
1218 
1212 
1266 
1281 
1208 
1248^ 
1200 
1235 
1202 
1186 
1218 
1193 
1299 
1266 
1297 
1204 
1188 
1204 
1199 
]206 
1161 
1204 
1166 
1180 
1222 
1197 
1220 
1250 
1224 
1342 
1826 
1304 
1847 
1812 
1857 
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On  the  line  oj  the  Northern  Pacific  R.  B. — Continued. 


Miles 

from 

Dalaih. 


1618 

161.9 

164  1 

166.4 

174  8 

177.2 

183  4 

1855 

190  7 

192.6 

195.4 

196.1 

196.2 

201.4 

205  8 

206.8 

210.7 

210.9 

213  6 

214.7 

217 

219.2 

224.2 

226.6 

227.4 

230.1 

230.4 

231.4 

234  9 

288.8 

242 

248.2 

252 

252.2 


Union  creek  ( Bed  of  creek) 

W^adena  (Grade) 

(Natural  Ground).. . 

Leaf  river  ( Bed  of  river) 

Frazee  (Grade) 

Natural  Ground)... 

Otter  Tall  river  (Bed  of  river 

Perham  (Grade) 

(Natural  Ground) . . . 
Otter  Tall  river  (Bed  of  river). ... 
Hobart  (G rade)  

(Natural  Ground)... 
Otter  Tail  river  (Bed  of  tlie  river). 

(Natural  Ground)... 
Pelican  river  (Bed  of  the  river).. . 
Detroit  (Grade) 

(Natural  Ground)  .. 

Oak  Lake  (Grade) 

Audubon  (Grade) 

(Natural  Ground)... 

(Natural  Ground)... 

Lake  Side  (Grade) 

Hay  crvek  ( Bed  of  creek) 

Hay  creek  (Bed  of  creek) 

Buffalo  river  (Bed  of  river) 

Buffalo  river  ( Bed  c »f  river) 

Hawley  (Grade) 

(Natural  Ground).  •• 

Mu^kpda  (Grade) 

Buffalo  river  (Bed  of  river) 

Hed  Kiver  Flats  (Natural  Ground). 

Glyndon  (Grade) 

Moorhuad  (Grade) 

Red  river  (Bed  of  Kiver) 

Red  River  Banks  (Natural  Groumi) 


Above 

Lake 

Super'or 


Above 

the 
Ocean. 


720 

1820 

749 

1849 

754 

1354 

707 

1807 

809 

1409 

831 

148L 

718 

1318 

766 

1366 

779 

1379 

736 

1835 

784 

1884 

802 

1402 

753 

1358 

820 

1420 

737 

1837 

702 

1862 

806 

1406 

7*7 

1367 

708 

1808 

667 

1267 

748 

1843 

733 

1833 

600 

1200 

567 

1167 

550 

1150 

532 

1182 

550 

1150 

595 

1195 

483 

1088 

8  8 

938 

878 

978 

823 

928 

304 

904 

257 

857 

802 

902 

62 
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4  On  the  line  of  the  St.  Paul  and  Sioux  City  and  Sioux  City  andr 

St.  Paul  R.  Re. 

FURNISHED  BY  HON,  E.  F.  BRAKE. 


Miles 

Arom 

St.  PauL 


47 

62 

68 

63 

€9 

77 

86 

90 

100 

110 

121 

180 

187 

148 

148 

154 

160 

170 

178 

188 

196 

245 


Belle  Plalne 

Blakelcy 

Bast  Henderson 

Le  Suear 

Ottawa 

Kasota 

Mankato 

South  Bend 

Lake  C  ry  s  tal 

Madelia 

St.  James 

Bntterfleld 

Mountain  Lake i 

Bingham  Lake 

Windom 

Wilder 

Heron  Lake •  •  •  • 

Hersey 

Worthington 

Bigelow 

Sibley... 

Le  Mars 


Above 

Lake 

Super or 


181 
185 
191 
211 
247 
258 
249 
266 
458 
898 
458 
563 
677 
797 
726 
828 
794 
865 
968 
1008 
885 
596 


Above 

the 
Ocean. 


781 

786 

791 

811 

847 

851^ 

84» 

86» 

1053 

99a 

1058 

1163 

1277 

1397 

1826 

1428 

1894 

1465 

1563 

1603 

1485 

1196 


St.  Paul  and  Pacific  R.  R. — Main  Line. 

FROM  THE  RECORDS  IN  THE  OFFICE  OF  THE  CHIEF  ENGINEER^ 

C.  A.  F.  MORRIS.      BT  N.  H.  W. 


Miles 

Arom 

St.  Paul. 


0 
0 
0 
0 


5 
9.6 


Low  water  In  Mississippi  river  at  St.  Paul. . . . 

St.  Paul  depot 

Base  of  the  Capitol,  8t.  Paul 

Bluffs  back  of  the  Capitol- 
Head  of  Robert  street 

Summit  avenue  bluff 

Summit  between  St.  Paul  and  St.  Anthony  (8 

feet  cut) • 

Junction  at  St.  Anthony 


Above 

Lake 

Super'or 


76 

89 

182 

801 
810 

? 
229 


Above 

the 
Ocean. 


676 
689 
782 

901 
910 

? 
82t> 
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TSi.  Paul  and  Pacific  B.  B. — Main  Line — Continued. 


MUes 

firom 

43 1.  Paul. 


9.5 

10.5 
9.5 

17  • 

24 

25 

28 

40 

40 

48| 

5li 

54 

5T 

69 

60 
SO 

62 

64 
-67} 

68.5 

69.5 

72 

79 

86 

89 

91 
•92 

95.5 

98 
105 
110.5 
118 
127 
132 
184. 

135.5 
185.5 
141 

147 

150 

151.5 

155.5 

155.5 

159 

161 

.167.5 

178 


MlssUsippl  R.  (low  water)  at  Nicollet  Island, 
St  Anthony •••• 

Minneapolis  station 

Mississippi  R.  (low  water)  half  mile  below 
St.  Anthony  Falls) 

Self's  Lake  (water) 

Wayzata  Station 

Lake  Minnetonka  (water) 

Long  Lake  Station 

Crow  River  crossins;  (track) 

Delano 

Waverly  Station 

Twelve  Mile  Creek 

Howard  Lake 

Smith  Lake 

Sucker  Creek  (track) 

Sucker  Creek  (water) 

Cokato  Station  (at  Collingwood  Creek) 

Level  of  Marsh 

Darwin  (Big  Prairie) 

Litchfield  Station ^ 

Swede  Grove  Station 

Anderson's  Hill  (cut  15  feet) 

Summit  (Atwater). 

Cut  101  feet 

Highest  point  on  line  (cut  8  feet) 

Very  rolling  surface  to  Kandiyohi  Station. ••• 

Willmar  (Foot  Lake) 

St.  John's 

Nearly  level  to  Klrkhoven 

Smooth  surftice  to  De  Graif  Station 

Sharp  summit  (cut  16  feet) 

Gradual  descent,  smooth  surface,  to  Benson 

Station 

Chippewa  River  (bridge  track) 

Chippewa  River  (water) 

Gradual  ascent,  smooth  surface,  to  Randall 

Station 

Gradual  ascent,  smooth  surface,  to  147'8  mile 

post 

Hancock  Station 

Summit 

Pomme  de  Terre  River  (track) •  •  •  • 

Pomme  de  Terre  River  (water) 

Morris  Station 

Summit  (16r8mlle  post) 

Smooth  surface  to  Douglas  Station 

Gradual  descent,  smooth  surface,  to  Herman 
station • 


Above 

Above 

Lake 

the 

Super'or 

Ocean. 

191 

791 

221 

821 

llli 

71l| 

242 

842 

822 

922 

813 

913 

840 

940 

814 

914 

814 

914 

898 

998 

386 

986 

440 

1040 

440 

1040 

448 

1043 

403 

1003 

879 

979 

468 

1068 

413 

1018 

507 

1107 

478 

1078 

508 

1108 

518 

1118 

516 

1116 

577 

1177 

602 

1202 

598 

1198 

628 

1228 

655 

1255 

607 

1207 

515 

1115 

507 

1107 

495 

1095 

447 

1047 

452 

1052 

433 

1083 

421 

1021 

412 

1012 

436 

1086 

460 

1060 

541 

1141 

558 

1158 

464 

1064 

458 

1058 

513 

1113 

542 

1142 

512 

1112 

454 


1054 


54  ANNUAL  BSPOKT. 

SL  Paul  and  Pacific  22.  R. — Main  Line — Continued, 


Miles 

from 

St.  Paul. 

Above 

Lake 

Supero'r 

Above 

the 
Ocean. 

184.5 

Smooth  anrfkce  to  Mu9tinka  Creek •• 

413 
408 
883 
868 
868 
858 
849 

1013 

186.6 

Smooth  Aurface  to  Gorton •..••■•.••■.•••••.. 

1008 

194  6 

j^mnrftth  iinrfiif*A  tn  TIntAh •...>..>.>>........ 

9A9 

201 

Smooth  surface  to  Itabhit Run • ••• 

90M 

968 

203 

Smooth  surface  to  (^amobell  Station. ••••  ..•• 

'    968 

209 

Smooth  surface  to  Doran  Station ..••.• 

959 

317 

Smooth  surface  to  Breckenrid^e  Station 

948 

St.  Pauly  Stillwater  and  Taylm^e  Falls  R.  B. 

COFIED  FROM  PROFILE   IN   THE   OFFICE   OF  THE  CHIEF  ENGI- 
NEER, J.  S.  8EWELL,  BY  N.  H.  W. 


Miles 

ttom 

8t  Panl. 


0 
0 
1.5 


3 
8 

8 
8.5 

8.5 
4.5 
4.5 
6 

6.5 
6.5 
8 

8.6 
13 

18 
18 
18 


St.  Panl.  Low  water  in  Mississippi  River 

St.  Paul.  High  water  in  Mississippi  River.... 

Junction  with  St.  Panl  and  Pacific  R.  R 

Crossing  of  L.  8.   and  M.  R.  R.,  Phalen's 

Creek  (track) 

Grade  of  L.  8.  and  M.  R.  R.  here  is  20  feet 

lower 

Phalen's  Creek  (bottom)  third  crosslnfr 

Broken  surface  to  second  crossing  of  Phalen's 

Creek  (track) 

Phalen's  Creek,  second  crossing  (bottom) 

Broken  surface  to  first  crossing  of  Phalen's 

Creek  (track) 

First  crossing  of  Phalen's  Creik  (bottom).... 
Broken  surface  to  creek  at  Ames'  farm  (track) 

Creek  at  Ames'  farm  (bottom) 

Broken  ascent  to  be;;lnnlng  of  descent  to  the 

Mississippi  River  (cut  1 5  feet) 

Broken  surface  to  tamarack  swamp  (track).. 

Tamarack  swamp  (natural  surfhce) 

Sammit  one  half  mile  webt  of  Oakdale  Station 

(cut  lOf^et) 

Oakdale  Station 

Broken  surfkce  to  the  level  of  Lower  Bass 

Lake ■• 

r^vel  of  Upper  Bass  Lake 

Bass  Lake  Station 

Nearly  level  and  smooth  surface  to  Weir's 

station 


Above 

Lske 

Super'or 

Above 

the 
Ocean. 

76 

97 

163 

676 
697 
763 

217 

817 

197 
191 

797 
791 

241 

226 

841 
826 

259 
241 
811 
280 

•    859 
841 
911 
880 

876 
866 
861 

976 
966 
961 

896 
867 

996 
967 

274 
288 
821 

874 
888^ 
921 

811 


9U 
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St.  Paulj  StillwoUer  and  Taylor^s  Falls  B.  B.— Continued. 


MUes 

Arom 

SLPaal. 


15 
15.5 
17.5 
17.5 

19 
19 


Sammit  four  miles  from  Stillwater 

Crossing  W.  Wisconsin  B.  R.  (cut  17  feet). .. 

Broken  descent  to  marsh  (bottom) . .  • .' 

Center  of  gravel  ridge,  one  and  a  half  miles 

fh>m  Stillwater,  (cut  fifty  feet) 

Broken  descent  to  highwater  ai  Stillwater.. 
Low  water  In  St.  Croix  lake  at  Still  water...  • 


Above  I  Above 

Lake    I     the 

Snper'or  Ocean. 


817     ! 


275 
141     i 

lei 

75 

55 


917 
875 
741 

761 
675 
655 


Bran^  Line  of  the  St.  Paul  and  Paei/ic  B,  B.^from  St.  AntJiony 

to  Brainerd. 

FBOM  THE  RECORDS  IN  THE  OFFICE   OF  THE  CHIEF  ENOINEER, 
C.  A.  F.  MORRIS.      ABSTRACTED  BT  N.  H.  WINCHELL. 


Miles 

Arom 

St.  Paul. 


9.5 
17 
17 
21.5 
27 
27.5 
84 
89 
48 
48 
56 
68 
78.5 
75 


76 
82 
85 

85 

89 

95 

95 

96 
106 
111 
118.5 


Junction  at  St.  Anthony 

Manomln 

Rice  Creek  (water  level). 

Coon  creek  (water  level) 

Anoka 

Rum  river  (water  level) 

Itadka 

Elk  river  station 

Elk  river  (water  level) 

Big  Lake  station 

Becker 

Clear  Lake  station 

St.  Cload,  E.  shore  of  Mississippi  river 

St.  Clond,  W.  shore  of  Mississippi  river 

Mississippi  river  at  St.  Cloud  (water) 

Mississippi  river  at  Sank  Rapids  (water).  •••• 

Sauk  Rapids  station 

Watab  station 

Little  Rock  river  (track) 

Little  Rock  river  (water) 

Langola  station 

Platte  river  (track) 

Platte  river  (water) 

Bellevne 

Smooth  surface  to  Little  Falls  (track) 

Smooth  surface  to  Belle  Prairie 

Summit 


Above 

Lake 

Snper'or 


229 
288 
207 
217 
269 
281 
286 
294 
281 
821 
868 
884 
411 
425 
858 
882 
899 
448 
415 
402 
454 
464 
454 
475 
509 
525 
567 


Above 

the 
Ocean. 


829 

888 

807 

817 

869 

881 

886 

894 

881 

921 

963 

084 

1011 

1025 

958 

982 

999 

1048 

1015 

1002 

1054 

1064 

1054 

1075 

1109 

1125 

1167 


56 
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Branch  Line  of  the  St.  Paul  and  Pacijlc  R.  jB*,  from  St.  Anthonf 

to  Brainerd — Continued. 


MUes 

flrom 

St.  Paul. 


120 

120 

127 

183.6 

188.5 

184.5 

186 

186 

187 


FortRiplej 

Nokay  river  (water) 

Crow  Wins • 

Buffalo  creek 

Buffalo  creek  (low  water] • 

Summit  between  Buffalo  and  Buckhom  creeks 

Bnckhorn  creek  (track) 

Buckhorn  creek  (low  water) 

Broken  surface  to  Brainerd  (N.  P.  June) 


Above 

Lake 

Saper'or 


558 
584 

581 
5i)8 
567 
596 
559 
584 
601 


Above 

the 
Ocean. 


1163 
1184 
1181 
1198 
1187 
1196 
1159 
1184 
1201 


Line  of  the  St.  Vincent  Brandi  of  the  St.  Paul  and  Pacific  R.  R. 

ABSTRACTED  FROM  THE  RECORDS  IN  THE  OFFICE  OF  THE  CHIEF 
ENOINEERy  C.  A.  F.  MORRIS,  BY  N.  H.  WINCHELL. 


Miles 

from 

St.  Paul. 


108 
HI 

111 
114 


E.  St.  Cloud  sUtion 

Low  water  In  Mississippi  river  at  St.  Cloud  • 

W.  St.  Cloud 

Sauk  river  (track) 

Sauk  river,  first  crossing  (water) 

Sharp  Ridge  (cut  fifteen  feet) 

St.  Joe 

Watab  creek  (track) 

Sharp  ridge  (cut  seventeen  feet) 

Broken  surface  to  Summit 

Broken  surface  to  Avon 

Broken  surface  to  Two  Rivers  (water) 

Broken  surface  to  Albany 

Broken  surface  to  Summit  near  99*8  mile  post 
Broken  surface  to  Getcheirs  creek  (water) 

Broken  surface  to  Oakes  (a  summit) 

Broken  surface  to  Sauk  R.,  second  crossing 

( water) 

Broken  sarface  to  Molrose 

Smooth  surface  to  Third  crossing  of  Sauk  R., 

second  crossing  (track) 

Third  crossing  of  Sauk  river  (water) 

Broken  surface  to  Summit  (cut  fifteen  feet,) 

Soc.  24,  T.  126,  R.  84 


557 
596 

599 

587 

630 


Above 

the 
Ocean. 


1011 
958 
1025 
1084 
1017 
1089 
1074 
1058 
1086 
1186 
1116 
1124 
1187 
1286 
1181 
1228 

1157 
1196 

1199 
1187 

1280 
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JUne  of  the  St.  Vincent  Branch  of  the  St.  Paul  and  Pacific  R.  22* 

— Continued. 


MUes 

firom 

fit.PaaL 


116 

116 
117 
120 
121 

122.5 

125 

181 

132.5 

135 

136 

188 

139.5 

142 

151 

158 

158 

160 

161 

166 

169.5 
173.5 
176 
179 

179 
179 
180 
186.5 

186.5 


187 
192 
200 
204 
210 
212 
216 
220 
222 
222 
238.5 

241.5 


Broken  sarface  to  fourth  crossing  Sank  B., 

(track) 

Sank  river  (low  water) 

Smooth  surface  to  Sauk  Center  Station 

Broken  surface  to  cut  of  fourteen  feet 

Broken  surface  to  Sammlt  (cut  of  seventeen 

feet) 

Creek  (track) 

Undulating  surface  to  West  Union  station. .  • . 

Broken  surface  to  Osakis  station 

Summit  (Sec.  22,  T,  128,  R.  36) 

Broken  surface  to  135's  mile  post 

Victoria 

188*8  mile  post 

Broken  surface  to  Creek  (track) 

Broken  surface  to  Alexandria 

Very  broken  surface  to  Ida  station 

Broken  surface  to  Chippewa  river  (track) .... 

Chippewa  river  (water) 

Evansville  station,  (cut  twenty-eight  feet,  flil 

Immediately  of  fifteen  feet) 

Very  broken  surface  to  Summit  (cut  of  thirty 

feet) 

Very  broken  surface  to  Christina  station,  (cut 

and  fill  at  Christina  of  forty-two  feet) 

Very  broken  surface  to  Summit  (cut  five  feet) 

V^ry  broken  surface  to  St.  Oloff 

Very  broken  surface  to  Summit  (cat  three  feet) 
Very  broken  descent  to  Pomme  de  Terre  B. 

(track) 

Pomme  de  Terre  R.  (water) 

Pommo  de  Terre  R.  (bottom) 

Broken  surface  to  TnmuU  station 

Broken  an  i  Irregular  descent  to  Red  river 

crossing  (water) 

Red  river  (bottom) 

NOTK.— /Vom  mile-po8t^  181  to  188  there  are 
frequent  fills  and  cuU.] 

Red  Rlvor  Falls  station 

Undulating,  slow  descent  to  192*s  mlle-po.st.. 

Sec.  1,  T.  133,  R.  45 

Smooth  surface  to  204*8  mile- post 

Sec.  15,  T.  135,  R.  45  (smooth  surface) 

Smooth  surface  to  2 1 2*s  mile  post 

Smooth  surface  to  216*smile-post 

Smooth  surface  to  Sec.  81,  T.  137,  R.  45 

Smooth  surface  to  Wilson  R.  (track) 

Wilson  river  (bottom) 

Smooth  surface,  slow  descent  to  Glyndon  N. 

P.  R.  B.  Junction) . 

Smooth  surface  to  Buffalo  river  (track) 


Above 

Lake 

Superior 


626 
643 
639 
693 

712 
666 
723 
728 
794 
727 
766 
803 
769 
782 
802 
760 
730 

745 

769 

619 
687 
735 
757 

630 
596 
592 
690 

462 
417 


C22 
499 
467 
464 
496 
60j 
429 
419 
403 
388 

823 
319 


Above 

the 
Ocean. 


1226 
1243 
1239 
1298 

1812 
1266 
1323 
1328 
1894 
1327 
1366 
1403 
1359 
1382 
1402 
1360 
1330 

1345 

1369 

1219 
1287 
1335 
1357 

1230 
1196 
1192 
1196 

1062 
1017 


1122 
1099 
1067 
1064 
1096 
1105 
1029 
1019 
1003 
988 

923 
919 
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Line  of  the  St.  Vincent  Branch  of  the  St.  Paid  and  Pacific  R.  B 

— Continued. 


Miles 

flrom 

St.  Paal. 


341.5 

241.5 

246 

258 

259 

266 

266 

266 

208 

273 

280 

285.5 

286 

296 

103.5 

102.6 

302.5 

3026 

303 


308 
310 
320 
330 
333.5 
840 
348.5 
348.5 
'  343.5 
350 
851 
351 
851 
375 
875 
375 
330 

380 

380 

392 

.394 

394 
394 
394 
394 


Baffalo  river  (water) 

Buffilo  river  (bottom) 

Sm  loth,  level  sarface  to  A verlll  station. ...... 

Smooth  surface  to  Felton  station 

Smooth  surface  to  Bnrup  station 

Smooth  surface  to  Wild  Rice  R.  and  station 

(track) 

Wild  Rice  river  (bottom) 

VVildHlce  river  (water) 

Smooth  surface  to  Elm  creek  (water) 

Smooth  surface  to  Stanley  station 

Smooth  surface  to  Rolette  station 

Smooth  surface  to  Beltrami  station 

Smooth  surface  to  Sand  Hill  river  (water).... 

Smooth  surface  to  Kittson  station 

Smooth  surface  to  top  of  flrst  bluff.  Red  Lake  R. 

Red  Lake  river  (track  on  bridge) 

Red  Lake  river  (water level) 

Red  Lake  river  (bottom) 

Top  of  bluff  on  N.  side  Rod  Lake  river 

NoTR.—  The  valUy  U  just  a  mile  acmes  with 
eingle,  well  defined  bluffs. 
Smooth  surface,  p^entlu  ascent  to  Summit. . . . 

Smooth  surface  to  810*s  mile-post 

Smooth  surface  to  32()'d  mile-post 

Smooth  surface  to  330's  mile-post 

Smooth  surface  to  Snake  Hill  R.  (water) 

Smooth  surface  to  340*8  mile-post 

Smooth  surface  to  Middle  river  (track) 

Middle  river  (water) 

Middle  river  (bottom) 

Smooth  surface  to  Sec.  8,  T.  157,  R.  48 

Smooth  surface  to  Tamarack  R.  (track) 

Tamarack  R.  (water)  

Tamarack  (bottom) 

Smooth  surface  to  S.  B.  of  Two  rivers  (track) 

S.  Branch  of  Two  rivers  (water) 

S.  Branch  of  Two  riverM  (bottom) 

Smooth  surface  to  N.  Branch  of  Two  rivers 

(track) '. 

N.  Branch  of  Two  rivers  (water) 

y.  Branch  of  Two  rivers  (bottom) 

Smooth  surface  to  392*s  mile-post 

Slow,  irregular    descent  to    the  Immediate 

bank  of  Red  river  (track) 

St.  Vincent  (bank  of  Red  R) 

St.  Vincent  (bottom  of  Red  R.) 

St.  Vincent  (hi»h  water  of  1866) 

St.  Vincent  (usual  wnter  surflice) 


Above 

Lake 

Superior 


306 
801 
818 
816 
312 

310 
296 
301 
291 
802 
294 
303 
299 
286 
262 
248 
241 
224 
269 


289 
804 
286 
243 
241 
251 
246 
284 
231 
239 
230 
217 
215 
215 
203 
187 

201 
187 
181 
198 

191 
192 
144 
187 
158 


Above 

the 
Ocean. 


906 
901 
918 
91G 
912 

910 
896 
901 
891 
902 
894 
90S 
899 
886 
362 
348 
841 
824 
869 


889 
904 
886 
848 
841 
851 
847 
834 
881 
889 
830 
817 
815 
815 
808 
787 

801 
787 
781 
798 

791 
792 
744 
787 
758 
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Grand  Crossing  Miss.  R.  opposite  La  Crosse. 

Rashford 

Lanesboro • • 

Isinour's  (Sec.  20,  T.  103,  R.  10) 

Fountain ^ 

Qraad  Meadow  (Sec.  2i,  T.  108,  R.  15) 

Sec.  18,  T.  108,  R.  16 

Ramsey  (Grade  Mil.  and  St.  Paul  R.  R.) 

Hayward 

Winnebago  City 

Water  In  Blue  Earth  river  one  mile  W.  of 

Winnebago  City 

Sec.  25,  T.  104,  B.80 

Sec.  1,  T.  108,  R.  83 

o6C>  ^O,   X  .  lOvf  1*.  So  ....  •■.....•  ..•• 

Water  In  Des  Moines  R 

Heron  Lake •  • 

Graham  Lake 

Sec.  8,  T.  102,  R.  22 

Sec.  83,  T.  101,  R.  21 

Sec.  86,  T.  101,  R.  24 

Sec.  81,  T.  101,  B.  24 
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IV. 

THE  SURFACE  GEOLOGY. 


The  amount  of  time  devoted  to  the  phenomena  of  the 
drift  has  necessarily  been  small.  A  sufficient  number  of 
facts  on  which  to  base  scientific  opinions  have  not  yet  been 
obtained  to  warrant  the  announcement  of  any  discoveries ; 
observations  have  been  made  however,  that  confirm  theories 
lately  advanced  as  to  th^  origin  of  the  clays  which  make  up 
a  great  portion  of  the  drift  of  the  Northwest.  The  great 
mass  of  clay  charged  with  gravel,  and  often  with  boulders, 
is  found  to  be  of  glacier  origin.  This  deposit  is  generally 
blue,  but  in  the  eastern  part  of  the  State  it  is  reddish  or 
copper  colored.  It  is  made  up  almost  entirely  of  trans- 
.ported  materials,  and  its  red  color  in  the  direction  of  the 
iron  ore  beds  of  the  Lake  Superior  region,  seems  to  be  due, 
as  some  time  ago  suggested  by  Col.  Charles  Whittlesey,* 
to  the  greater  contained  quantity  of  iron  oxide,  consequent 
on  the  continued  action  on  and  the  transportation  of  large 
portions  of  those  rocks  by  the  forces  of  the  glacial  period, 
This  deposit  lies  on  the  striated  rocky  surfaces,  or  is  sepa- 
rated from  them  by  a  thin  stratum  of  ii^ravel  or  sand  which 
usually  supplies  water.  The  boulders  embraced  in  this 
hardpan  deposit  are  very  often  striated  and  polished  in  the 
same  manner  as  the  bedded  rocks  below.  It  also  embraces, 
but  rarely,  lenticular  beds  of  stratified  gravel,  or  sand  and 
gravel  mixed  without  stratification.  In  some  instances  it 
has  been  seen  to  inclose  nests  of  boulders  and  gravel,  com- 
pactly deposited  and  detached  from  other  similar  deposits. 
In  other  cases  a  spur  or  lip  from  (he  hardpan  will  rise 
above  the  main  mass,  and,  bearing  off  diagonally  to  the  right 
or  left,  will  partially  enclose  on  the  lower  side  a  few  feet  of 
stratified  materials  of  sand  and  gravel.  Indeed  along  the 
valley  of  the  Mississippi,  and  in  regions  of  rough,  rocky 
surfaces  its  upper  portion  is  very  apt  to  be  replaced  by 

*0n  the  Fresh  water  glacial  drift  of  the   Northwestern  States.    By 
Charles  Whlttleeey,  SmithsoDlan  ContributiODS  to  knowledge,  197. 
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Btratified  deposits  of  sand  and  gravel  variously  alternating 
with  each  other  and  with  irregular  patches  of  the  same. 

In  these  cases  the  boulders,  derived  from  the  original  un- 
assorted mass,  are  apt  to  lie  also  in  layers  or  pockets  by 
themselves,  their  interstices  filled  with  coarse  gravel. 
Throughout  much  of  the  central  portion  of  the  State,  and 
especially  in  Carver  and  McLeod  counties,  where  it  has 
recently  been  exposed  in  numerous  cuts  along  the  line  of 
the  Hastings  and  Dacotah  railroad,  this  hardpan,  or  unas- 
sorted glacier  drift,  rises  to  the  surface  with  no  overlying 
Btratified  beds.  Large  boulders  of  more  northern  origin 
are  uniformly  met  in  these  cuts,  even  if  they  be  but  a  few 
feet  below  the  surface.  Sometimes  a  thickness  of  more  than 
a  hundred  feet  may  be  seen,  presenting  no  essential  variation 
in  outward  characters  or  contents.  Its  color  when  freshly 
exposed  at  considerable  depth  is  blue,  but  it  has  everywhere 
become  oxydized  below  the  surface  to  the  depth  of  fifteen 
or  twenty  feet,  and  it  then  assumes  a  yellowish  ash-color. 
It  has  been  noticed  that  in  Minnesota  this  deposit  varies 
greatly  in  thickness.  There  is  an  area  in  the  southeastern 
part  of  the  State  where  very  little  of  it  is  found.  The  rocks 
stand  out  prominently  in  bluffs  and  terraces  caused  by  their 
various  capacity  to  withstand  the  elements,  covered  with 
very  little  besides  the  decomposed  debris  of  their  own  beds. 
Yet  in  this  portion  ot  the  State,  which  seems  to  be  an  exten- 
sion of  the  so-called  **  driftless  region  "  of  Iowa,  the  valleys 
on  being  excavated  for  cellars  and  wells  reveal  a  clay  charged 
with  pebbles  and  sometimes  large  boulders.  This  clay  is 
said  to  contain  fragments  of  wood  and  leaves  half  decom* 
posed.  Sufficient  examination  has  not  yet  been  made  to 
show  the  relation  'of  this  blue  clay  in  the  southeastern  por- 
tion of  the  State  containing  vegetable  deposits,  with  the 
vast  sheet  of  blue  clay  containing,  so  far  as  known,  no 
vegetable  or  other  remains,  which  is  spread  over  a  greater 
portion  of  the  entire  State.  It  seems,  however,  to  be  of 
older  date,  and  may  consist  of  the  remains  of  a  previous 
glacial  sheet,  which,  under  the  action  of  the  last  glacial 
epoch  was  subjected  to  erosion  and  wash  but  was  not  replaced 
by  fresh  deposits.  In  that  way  the  vegetable  growths  of 
the  surface,  accumulating  between  the  periods  of  the  two 
glacial  epochs,  would  be  buried  in  the  depressions  to  vari- 
ous depths  beneath  the  debris  from  the  hillsides,  and 
considerable  beds  of  peat  or  even  an  entire  soil  would  be 
preserved,  while  toward  the  north  the  movement  of  the 
glacier  ice  entirely  destroyed  and  removed  the  ancient  soils* 
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The  thickness  of  this  hardpan  at  Fargo,  D.  T.,  on  the  line 
of  the  Northern  Pacific  railroad,  as  revealed  by  the  drilling  of 
a  well,  was  found  to  be  one  hundred  and  fifteen  feet.  It 
there  lies  below  a  hundred  and  five  feet  of  variously  strati- 
fied ciny,  gravel  and  sand.  ' 

This  deposit  is  spread  out  in  a  vast  sheet  over  much  of 
the  states  of  Minnesota,  Wisconsin,  Iowa,  Illinois,  Michi- 
gan, Indiana  and  Ohio,  and  it  is  locally  covered  by  a  fine, 
stratified  clay  which  has  been  named  by  the  geologists  of 
Canada  **  Erie  Clay,"  although  the  two  have  sometimes  been 
contouuded.  It  has  never  beenknown  to  contain  fossils^ 
either  of  vegetables  or  animals.  As  clay  it  is  entirely  un- 
stratified,  but  it  may  embrace  irregular  beds  of  stratified 
materials,  and  above  may  become  replaced  by  assorted  gravel 
and  sand,  the  whole  being  of  the  same  age.  As  to  its  man- 
ner of  deposition  it  is  believed  to  be  the  immediate  product 
ot  the  ice  of  the  glacier,  and  was  gently  let  down  on  tho 
surface  of  the  rocks  that  it  so  effectually  conceals,  by  the 
slow  thawing  and  withdrawal  o^  the  ice.  It  must  have  been 
largely  frozen  in  the  body  of  the  ice  in  regions  far  to  the 
north,  but  by  the  superficial  wasting  of  the  glacier  as  it  ad- 
vanced iuto  warmer  latitudes,  it  gradually  formed  a  layer 
covering  the  surlace  of  the  ice  in  much  the  same  way  as  it 
now  covers  the  rock.  Such  underground  ice  is  known  to 
exist  at  the  present  time  in  several  places  in  northern  lati- 
tudes. Wherever  streams  of  water  gathered,  incident  to 
the  dissolution  of  the  glacial  ice,  the  materials  of  the  drift 
were  assorted  and  often  handsomely  arranged  in  oblique 
stratification.  This  would  occur  especially  along  the  main 
valleys,  and  in  crevasses  that  might  result  from  the  passage 
ot  the  ice  over  rough,  rocky  surfaces.  Streams  running  in 
such  crevasses  would  wear  their  beds  deeper  into  the  ice- 
sheet  and  perhaps  to  the  bed-rock  itself.  All  drift  materials 
precipitated  into  such  crevasses  by  the  motions  of  the  ice 
would  be  washed  and  assorted,  and  the  finest  portions  would 
be  entirely  carried  away.  Upon  the  entire  withdrawal,  or 
dissolution  of  the  ice-sheet  a  ridge  of  gravel  and  sand  cou- 
tainir.g  boulders  and  suggesting  the  common  name  of  '^bogs 
back,"  would  mark  the  place  where  such  a  stream  bad  its 
bed.  When  the  slope  of  the  country  was  away  from  the 
foot  of  the  glacier*  or  in  the  direction  of  its  motion,  the 
streams  would  be  likely  to  carry  away  the  clayey  portions 
of  the  drift,  leaving  only  stratified  gravel  and  sand  along 
the  valleys  of  the  water  courses ;  but  where  the  slope  ot* 
the  country  was  toward  the  ice  foot,  as  in  the  Maumee  vai- 


UNIVERSITY  OP  MiyNKSOTA.  63 

ley,  in  Ohio,  and  ia  tho  valley  of  tho  lied  river  of  the 
North,  the  fine  parts  would  bo  laid  down  over  the  unstrutfied 
drift  in  borizont^il  laminations  of  fine  clay  and  sand.  A  lake 
of  standing  water  would  be  formed  about  tho  foot  of  the  ice, 
with  an  outlet  southward  through  the  Ijwest  drainage  valley 
accessible.*  It  is  authentically  repotted  that  at  the  present 
time  this  very  circumstance  occurs  in  the  Red  river  valley 
in  seasons  ot  unusual  severity.  The  mouth  of  the  river  is 
•completely  irozen,  or  so  obsti noted  by  ice,  that  the  whole 
country  for  several  miles  in  width  is  submerged  sometimes 
below  forty  feet  of  water.  In  such  ca^es  the  discharge  must 
be  by  the  Minnesota  valley,  Big  Stone  hike  and  Lac  Travers 
becoming  one.  About  ten  years  ago,  when  these  lakes  were 
so  united,  an  effort  was  made,  snd  nearly  with  success,  to 
float  a  steamboat  across  tho  continental  water  shed  from 
the  Minnesota  valley  into  that  of  tho  Red  river  of  the 
North.  There  are  many  indications  that  the  lied  river 
region  was  for  a  long  time  covered  by  a  lake  of  fresh 
water  and  had  an  outlet  by  way  of  the  Mmnesota  valley 
into  the  Mississippi  river. f 

Overlying  this  hardpan  in  much  of  tho  Southern  part  of 
the  State,  and  covering  especially  those  portions  of  tho  State 
where  the  hardpan  exists  in  small  quantities,  is  a  sandy 
loam  which  forms  a  very  productive  surface  soil,  and  is  espe- 
cially exhibited  on  the  bluffs  along  the  Mississippi  river, 
where  it  has  been  named,  in  States  further  south,  **The 
Bluff  Formation."  The  distribution  of  this  material  over 
the  State  is  not  well  known,  and  its  origin  remains  yet  in 
<loubt.  Where  it  reaches  its  greatest  development  it  is  per- 
lectly  unstratitied.  Its  charactciistics  are  very  uniform,  and 
its  aspect  and  composition  are  perfectly  homogeneous.  It 
has  been  attributed  to  the  prevalence  of  a  fresh  water  lake 
over  much  of  the  northwest.  It  may  perhaps  as  reasonably 
be  ascribed  to  the  insoluble  residue  from  the  rocks  in  aitu^ 
and  its  distribution  to  the  effect  of  surface  drainage.  The 
pulverizing  action  of  the  prairie  fires  on  the  rocks,  or  on 
pebbles  contained  in  the  drift  may  accoimt  for  the  existence 
of  this  loam  in  places  where  it  covers  the  glacier  drift,  at 
points  remote  from  streams.  It  contains,  in  tho  valleys,  the 
shells  of  tho  fresh-water  mulluscs,  and  seems  there  to  be  per- 
lectly  comparable   to  ordinary  alluvium.     Tne  immediate 

^Compare  **0n  certain  physical  fcatnres  of  the  Upper  Mississippi 
river."    llj  Gen.  G.  K.  Warreu,  American  NaiuraliU  for  Nov.  iS6S. 

tCoropare  '«0n  certala  physical  features  of  the  Upper  Mississippi 
River."    By  Oen.  0.  K.  Warreo,  Amtriean  NaturaiUt^  for  ^or.  li»6S. 
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surface  of  this  loara,  and  of  the  soil  generally,  in  the  central 
and  southern  portions  of  the  State,  is  blackened  by  the  char- 
coal of  innumerable  fires  that  have  passed  over  the  surface, 
and  by  decomposing  vegetable  remains. 

The  driit  about  St.  Anthony  and  St.  Paul  shows  the  fol« 
lowing  general  section : 

No.  1.— Bluff GtolOfeeU 

No.  2. — Assorted  materials,  often  nicely  stratified,  some- 
times replaced  by  a  mass  of  glacier-marked  (I)  boul- 
ders and  cobble-stones  mingled  with  gravel.  This 
seems  to  be  due  to  the  removal  by  water  of  the  clayey 
portions  of  the  hard-pan.  It  not  unfrequently  shows 
very  large  blocks  and  masses  of  the  Trenton  Flags 

(«'  Lower  shell  limestone,"  of  B.  F.  Shnmard) 10  to  29  feet. 

No  3.— Uardpan,  seen 25  feet* 


V. 

SKETCH  OF  THE  GEOLOGY  OF 

MINNESOTA. 


1.      GRANITIO  AND  METAMORFHIO  ROCES'. 

(a.)     Their  Area. 

Under  this  designation  are  embraced  all  rocks  that  lie  be- 
low the  Potsdam  Sandstone.  It  covers  not  only  the  granitic 
nucleus  which  first  appeared  as  dry  land,  and  those  trappean 
rocks  that  are  with  little  difference  of  opinion  pronounced 
the  result  of  purely  igneous  forces,  but  also  the  vast  thick- 
ness of  truly  metamorpbic  strata  included  under  the  term 
Laurenlian  and  Huronian. 

These  rocks  occupy  a  great  portion  of  the  State  of  Min- 
nesota, crossing  it  in  a  rudely  wedge-shaped  belt  from  the 
northeast  to  the  southwest.  The  southern  margin  of  this 
belt  enters  the  State  from  Wisconsin  about  three  miles  below 
the  mouth  of  Kettle  river,  crosses  the  Mississippi  about  three 
miles  below  the  mouth  of  Clear  Water  river  in  a  southwest- 
erly  direction.  It  also  crosses  the  Minnesota  river  about 
three  miles  below  Fort  Ridgloy  and  probably  leaves  the  State 
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near  the  northern  line  of  Pipestone  county.  The  northern 
nr  northwestern  boundary  of  these  rocks  enters  the  State 
from  the  north  about  midway  between  the  Lake  of  the  Woods 
and  the  Red  river  of  the  North,  in  a  southerly  and  then  a 
southeasterly  direction,  to  the  vicinity  of  Pokei^oma  tails, 
where  it  changes  its  course  and  runs  in  a  southwesterly  di- 
rection, passing  approximately  through  Cass,  Todd,  Stevens 
and  Travers  counties  to  the  western  boundary  of  the  State. 
These  rocks  thus  form  a  great  anti-clinal  axis,  or  backbone 
Irom  which  the  later  sedimentary  rocks  dip  in  opposite  di- 
rections  to  the  southeast,  and  to  the  west  and  northwest, 
their  area  being  something  more  than  one  third  of  the  entire 
States.  North  ot  Lake  Superior  they  produce  a  rough,  and 
even  mountainous  tract  of  country  which  is  marked  by  a 
series  of  ridges  or  ranges  of  upheaval  NE.  and  S\V. ;  but  to- 
ward the  southwest  their  original  uneven  surface  is  so  evenly 
and  deeply  covered  with  drift  that  they  are  but  rarely  seen, 
except  in  the  valleys  of  the  streams,  the  country  assuming 
the  character  of  a  rolling  and  more  or  less  wooded,  or  of  a 
level  and  open  prairie. 

(b.)     Their  general  Lithological  Characters. 

These  rocks  have  been  included  under  the  general  term  of 
Azoic^  irom  the  absence  of  organic  remains.  The  geologists 
of  Canada  have,  however,  described  within  a  few  years  a 
strangely  concretionary  or  laminated  alternation  of  pyroxene 
and  carbonate  of  lime,  taken  irom  the  Laurenlian  System^ 
which  on  microscopical  examination  has  disclosed  an  organic 
structure  resembling  that  of  the  Foraminifora^  and  has  been 
named  Eozoon  Canadense  by  Dr.  J.  W.  Dawson.*  This 
discovery  carries  downward  the  horizon  of  the  beginning  of 
animal  life  several  thousand  feet  below  the  base  of  the  JPots^ 
dam  Sandstone;  and  the  appropriate  term  Eozoic  has  been 
used  to  describe  the  earliest  of  fossiliferous  rocks,  compris- 
ing the  Laurentian  and  Huronian  systems.  With  this  ex- 
ception no  fossil  remains  have  been  found  below  the  Pols^ 
dam  Sandstone. 

The  lithological  and  mineralogical  characters  of  this  ^belt 
of  granitic  and  metamorphic  rocks  are  very  complex  and  var- 
iable. The  original  upheaved  nucleus  was  granitic,  or  syen- 
itic  and  granitic,  and  the  character  prevails  in  the  oldest  and 
highest  knobs  and  hills,  around  which  the  highly  metamor- 

*Id  this  foBsU  the  pyroxene  !s  sometimes  replaced  by   serpeDtlne, 
or  loganite,  (or  by  pyaloiite?)  and  the  calcite  by  dolomite. 
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phosed  slates  and  gneisses  are  arranged  iu  upturned   and 
even  vertical  beds.     Intercalated  with  these  disturbed  beds 
are  numerous  injected  beds  and  dykes  of  volcanic  trap,  the 
igneous  origin  of  which  cannot  be  doubted.     The  metamor- 
phism   consists  in  a  decomposition    and  recrystallization, 
through  the  combmed  action  of  heat  and  chemical  affinity, 
of  the  first  sedimentary  strata,  producing  from   sandstones 
limestones  and  shales,  talcose  argillaceous   slates,   gneiss, 
quartz  and  sacchbroidal  marble,  and  in  some  instances  im- 
mense masses  of  specular  and  magnetic  oxide  of  iron.     The  . 
close  of  this  disturbance  involved  the  overlying  Potsdam 
Sandstone^  or  at  least  the   **  Red  Sandstones"  of  the  north- 
west, but  in  Minnesota  it  antedates,  so  far  as  known,  the  sand- 
stones of  the  St.  Croix  valley    and  the  Lower  Magneaian 
Limestone.    It  seems  to  have  continued  to  to  the  close  of 
the  deposition  of  the  **  Bed  Sandstone,"  and   to  have  ter- 
minated prior  to  the  deposition  of  the  Lingula  beds,  which 
lie  without  disturbance,   as  far  as  known,   on  the  ejected 
traps,  and  between  the  Red  Sandstone  and  the  light-colored 
quartzose  sandstone  which  characterizes  the  Upper  Missis- 
sippi valley.     This  disturbance  was  the  cau^e  of  fissures  and 
dislocations  in  the  rocky  crust,  which  by  slow  degrees  be- 
came filled  with  the  various  materials  composing  the  metal* 
iiterous  veins. 

In  1849  Col.  Charles  Whittlesey,  classified  these  rocks  in 
Dortheru  Wisconsin,  iu  the  following  descending  oider: 
{^OwtrCs  Geol.  Hur.  of  Wis.^  Iowa  and  Minn. p.  425.) 

• 

1.    Skduibntart. 

ft.    Red  sandstone,  {not  belonging  to  the  metamorphic  aeriei,) 

b.  Black  slate. 

c.  Conglomerate. 

.2.    Trappous  rocks,  or  those  of  volcanic  origin. 

a.  Black  and  red  amygdaloid,  and  greenstone  trap. 

b.  Augltic,  bornblendic  and  feldspathlc  rocks,  embracing  syenitei 

and  granites  of  the  same  age. 
d.    Mbtamorphosrd  rocks. 

a.  Uornblendic  slates. 

b.  Iron  slates. 

c.  Black  slates,  In  large,  thin,  rectangnlar  sheets. 

d.  Talcose  slates. 

e.  Slaty  quartz. 
4.    Granitic. 

a.  Syenite. 

b.  Qranlte  occupying  the  country  south  of  the  mountain  range  or 

nplilt,  and  are  the  oldest  rocks  seen. 

Messrs.  Foster  and  Whitney,  in  a  report  on  the  Lake  Su- 
perior Land  District  in  1^51,  give  them  thi3  following 
arrangement  in  descending  order : 
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Azoic  ststkm. 

Beds  of  qaartz  and  saccharoidal  marble. 
Chlorite,  talcoae  and  argiilaceoas  slate. 
Gneiss,  mica  and  hornblende  slate. 

IONBOU8  ROCKS,  OF  VAKIOUS  AOB8. 

Trappean  or  volcanic  rocki. 

Masses  of  specular  and  magnetic  oxide  of  Iron. 

Uornblende  and  serpentine  rocks. 

Balsalt,  amygdaloid. 

Greenstone,  or  dolerlte,  porphyry. 
Plutonic  rocks. 

Feldspar  and  quartz  rock. 

Syenite. 

Granite. 

Tbe  Potsdam  Sandstone^  or  that  portion  which  is  equiva- 
lent to  the  Red  Sandstone^  overlies  all  the  foregoing,  and 
although  very  much  broken  by  intrusions  and  overflows  of 
trap,  and  often  reduced  to  the  form  of  a  conglomerate,  or  a 
Tolcanic  tufa,  is  not  regarded  by  Foster  and  Whitney  as 
lielonging  to  the  series  of  metamorphic  rocks. 

(c.)     Their  Economical  Value. 

In  the  State  of  Minnesota  these  rocks  are  known  to  con- 
tain variable  quantities  of  gold,  silver,  copper  and  iron.  As 
yet.no  extensive  exploitation  of 'these  metals  has  been  made. 
Veins  of  gold  and  silver  bearing  quarts  are  known  to  occur 
in  the  vicinity  ot  Vermilion  Lake,  and  at  other  places  on  the 
north  shore  of  Lake  Superior.  Recently  gold  has  also  been 
reported  fK>m  the  vicinity  of  Red  Lake.  Veins  carrying 
native  copper,  as  well  as  the  sulphuret  and  carbonate,  also 
occur  on  the  Kettle  river,  and  at  TayloFs  Falls  on  the  St. 
Croix  river.  Iron  ore  in  unlimited  quantities  is  said  to  exist 
in  the  dividing  ridge  between  Lake  Superior  and  Vermilion 
Lake.  Other  materials  of  economic  importance  also  pertain 
to  these  rocks.  The  gray  <*  granite"  quarried  at  St.  Cloud 
contains  both  mica  and  hornblende  (or  pyroxene) ;  the 
quartz  is  slightly  amethystine,  or  smoky,  and  makes  up 
about  one  half  the  bulk  of  the  whole,  while  unmistakable 
feldspar  is  almost  entirely  wanting.  It  has  alao  a  very  few 
minute  crystals  of  pyrites.  It  is  being  considerably  intro- 
duced into  some  of  the  lai^est  structures  both  in  St.  Paul 
and  Minneapolis,  and  in  various  cities  of  the  Mississippi 
valley.  Its  composition  renders  it  a  very  durable  building 
material,  even  more  enduring  than  typical  syenite  or  granite. 
Roofing  slate  is  also  one  of  the  economical  products  of  the 
metamorphic  rocks,  known  to  exist  in  Minnesota.  There  is 
DO  doubt  but  unlimited  quantities  of  this  material  will  jet 
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be  fouDd  within  tho  State.  The  efforts  that  have  hitherto- 
been  made  to  manufacture  this  article  and  introduce  it  into- 
the  markets  of  the  Northwest,  in  the  vicinity  ot  Thompson, 
have  not  been  very  successful.  It  is  believed,  however, 
that  the  fault  lies  not  in  the  material  itself,  but  in  the  man* 
uer  it  has  been  handled.  For  fire  stone  thS  talcose  slates, 
associated  with  the  Huronian  series  in  the  eastern  extension 
of  these  rocks  in  Michigan  and  Canada,  are  very  well 
adapted.  These  rocks  also  ought  to  supply  steatite,  or  soap  - 
stone,  and  no  doubt  hold  considerable  beds  of  variegated 
and  aaccaroidal  marble.  It  will  be  a  prominent  object,  in* 
the  progress  of  the  survey,  to  bring  these  various  economical 
resources  into  careful  observation  and  investigation.  At 
the  present  time  little  is  known  beyond  the  foregoing  state- 
ment of  facts,  although  private  parties  have  made  more  or 
less  detailed  surface  exploration. 

2.      THE  POTSDAM  SANDSTONE. 

(a.)     Preliminary  Considerations. 

This  term  is  strictly  applicable  only  to  the  sandstones  of 
New  York  State,  to  which  the  name  was  first  given,  and  to 
the  equivalents  of  those  strata  in  their  extension  through 
the  west.  It  has  been  abundantly  proved  that  the  red  sand- 
stones ot  Lake  Superior,  however  disturbed  and#  changed 
locally,  or  however  much  increased  in  thickness  by  the 
agency  of  volcanic  outbursts,  are  the  exact  equivalents  of 
the  New  York  Potsdam.  They  occupy  the  first  positiou 
over  the  metamprpbic  slates,  of  the  Huronian  rocks  on 
which  they  lie  unconformably,  and  from  which  they  differ 
in  being  but  slightly  and  only  locally  metamorphosed.  They 
retain  usually  their  evidently  sedimentary  characters,  and 
have  not  well-preserved  fossil  remains.  By  the  Canadian 
geologists  the  term  Potsdam  is  made  to  cover  a  group  of 
arenaceous  strata,  the  lower  portion  only  of  which  is  the 
real  equivalent  of  tho  New  York  Potsdam.*  In  Michigan 
the  name  is  given  only  to  the  red  sandstones,  the  overlying 
light-colored  sandstones  being  regarded  as  a  part  of  the 
Calci/erous  sandrock.^  Dr.  Houghton  as  early  as  1841  dis- 
tinctly stated  in  his  Annual  Report  to  the  Michigan  Legisla- 
ture, that  the  '*  Upper  Gray  Sandstone  **  is  not  conformable 
with  the  **  Lower  or  Red  Sandstpne  and  Shales.''    (See  his 

*  Sm  Geology  of  Canada,  18^3.    p.  87. 

t  See  BienDial  Report  of  Progress,  1S60,  p  49. 
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report  for  1841,  p.  19.)  In  Wisconsin  the  same  sandstone 
occupies  a  wide  circular  belt  surrounding  a  granite  center. 
The  overlying  light-colored  sandstones  are  found  there  to 
lie  unconformably  on  the  red  sandstones  where  they  have 
been  tilted  by  volcanic  agency.*  Dr.  C.  A.  White,  of  the 
geological  survey  of  Iowa,  has  described  a  red  sandstone  or 
*quartzite,  occurring  in  outcrop  on  the  Big  Sioux  river  and 
in  southwestern  Minnesota,  and  given  it  the  special  name  of 
Sioux  Quartzile^  proving  conclusively  that  it  is  both  older, 
and  unconformable  with  the  light-colored  sandstones  that 
occupy  a  conspicuous  place  in  the  bluffs  of  the  Upper  Mis- 
sissippi, below  the  Lower  Magiiesian  limestone,^  At  New 
Ulm,  and  at  other  points  in  southwestern  Minnesota,  the 
same  quartzite  forms'some  of  its  characteristic  outcrops.  It 
rises  suddenly  above  the  superincumbent  drift,  exposing  at 
New  Ulm  about  350  feet,  with  a  dip  of  thirty-six  degrees  to 
the  north.  Its  features  here  are  easily  identifiable  with 
those  of  the  Potsdam  at  the  rapids  in  the  St.  Mary's  river, 
-at  Sault  Ste.  Marie,  Mich.  In  their  passage  to  the  west  the 
overlying  light-colored  sandstones  seem  to  become  more 
largely  developed.  The}'  acquire  a  thickness,  including 
the  intercalated  beds  of  shale,  oi  about  six  hundred  feet,  in 
their  exposures  along  the  Mississippi  river. 

On  the  other  band  Dr.  D.  D.  Owen,  finding  these  upper 
sandstones  abutting  undisturbed  against  the  trap  outbursts 
at  the  falls  of  the  St.  Croix,  supposed  at  once  that  he 
•reached  there  the  true  paleozoic  base.f  Fossils  gathered 
there,  and  at  other  points  on  the  Upper  Mississippi,  in  these 
and  associated  beds,  were  described  as  coming  from  the 
Potsdam  Sandstone^  and  were  supposed  to  belong  to  a  hor- 
izon much  lower  than  that  of  the  Lingula  Beds  of  the 
Potsdam^  of  New  York.  The  name  has  been  still  further 
removed  from  its  original  use  by  the  Iowa  geologists,  in  its 
application  only  to  t/iese  upper  beds^  and  in  giving  the  name 
j^iovx  Quartzite  to  the  only  western  representative  of  the 
original  Potsdam,  Dr.  Owen,  although  he  recognized  many 
.points  of  difference  between  the  Lake  Superior  and  New 
York  Potsdam^  and  these  ligbt-colored  sandstones  of  the 
St.  Croix  and  Upper  Mississippi,  seems  not  to  have  noted 
the  impoi-tant  fact  that  the  former  are  everywhere  subject 
•to  distortions  and  fractures  by  volcanic  forces,   while  the 

*  B.  Irving,  on  the  Age  of  the  Qaartzites,  &c.,  of  Sauk  coantj,  WI«., 
Jim.  Jour.  Feb.,  1872. 

t  Geology  of  Iowa,  1870.    Vol.  I.,  p.  167. 

IGeologlcal  Beport  on  Wisconsin,  Iowa  and  Minnesota,  p.  50. 
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latter  are  never  known  to  be  disturbed  by  such  causes. 
It  is  true  that  he  embraces  both  the  red  and  the  light-colored 
sandstones  in  the  desiginaton  of  '*  Potsdam,''  and  argues  at 
lenfi;th  to  prove  the  greater  age  of  the  red.* 

It  is  in  accord  with  geological  precedent,    therefore »    t 
separate  these    two    sandstone  formations  under   different 
names,  retaining  the  name  of  Potsdam  for  the  older,  and 
giving  provisionally  the  name  of  the  St.   Croix  river,  on 
which  they  are  best  exposed,  to  the  latter. 

The  following  reasons  may  be  assigned  : 

Ist.  The  Potsdam  beds  were  laid  down  before  the  close  of 
the  volcanic  disturbance  so  evident  in  the  rocks  of  the 
early  Silurian  and  pre-Silurian  ages;  the  St.  Oroix  beds 
were  deposited  and  still  lie  in  horizontal  layers,  unconform- 
ably  not  only  over  the  Laurentian  and  latest  trappean  rocks 
of  the  northwest,  but  also  on  the  upturned  beds  ot  the  Pots- 
dam* 

2nd.  The  observations  of  the  New  York  and  Canadian  ge- 
ologists place  the  earliest  Lingula  beds  near  the  top  of  the 
Potsdam  Sandstone;  this  separation  of  the  St.  Croix  beds 
does  not  invalidate  their  conclusions,  but  fixes  the  observed 
paleozoic  base  in  the  Northwest  at  some  point  higher  than 
that  of  the  Potsdam.  The  wonderful  abundance  of  fossil 
Lingulas  and  other  forms  in  the  shale  abutting  against  the 
trap  at  the  falls  ot  the  St.  Croix  would  furnish  presumptive 
evidence  of  their  existence  prior  to  that  outburst.  They^ 
simply  have  not  been  seen. 

3d.  The  lithological  characters  of  the  Potsdam  beds  are 
uniformly  different  from  those  ot  tbe  Si.  Croix  beds.  The 
former  are  hard  and  olten  vitreous,  usually  of  a  brick-red 
color.  Their  bedding  is  very  distinct,  and  often  separated 
into  slaty  layers  by  portings  of  red  shale.  They  are  strongly 
marked  by  the  so  called  fucoidal  impressions.  They  are 
frequently  ripple-marked  and  sun  cracUed.  The  latter  are 
white  or  buff-colored,  often  friable,  and  constitute  a  heavy 
bedded  or  massive  sandstone,  of  handsomely  rounded  quartz  • 
ose  grains. 

4th.  Ihey  differ  in  chemical  composition.  The  Potsdam^ 
beds  contain  '*a  considerable  percentage  of  alumina,  rang* 
ing  sometimes  as  high  as  twenty  per  cent.,  while  of  silica 
there  is  often  less  than  fifty  per  cent.  Their  peculiar  red 
color  is  due  to  the  presence  of  a  large  proportion  of  per-oxide 
of  iron,  with  a  much  smaller  propoition  of  protoxide"  (Owen)- 


*Gkologlcal  Surrey  of  Wicc  )D9iii,  Iowa  and  Minnesota,  p.  187. 
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The  St.  Croix  beds  *•  commonly  contain  ninety-two  per 
cent,  and  upward,  of  silica,  while  of  alumina  and  oxide  of 
iron  taken  together  they  have  seldom  more  than  three  per 
cent"  (Owen). 

They  are  separated  by  a  fifty-foot  bed  Lingula  shale  which 
lies  at  the  bottom  of  the  8t  Croix  beds. 

6th.  The  Potsdam  Sandstone  has  a  thickness  of  at  least 
four  hundred  feet  ;*  the  St,  Croix  Sandstone  also  has  a 
thickness  of  over  five  hundred  feet.  It  is  more  in  keeping 
with  the  canons  of  geological  nomenclature  to  give  separate 
titles  to  formations  so  well  defined  and  so  largely  developed. 

7th.  The  evidence  of  paleontological  difference  is  perhaps 
the  strongest  reason  for  separating  these  sand  stones.  The 
fossils  of  the  Potsdam  Sandstone  in  New  York  are  Lingula 
antiqua  (Con.)  and  Lingula  prima  (Con.)  a  Discina  (or 
Orbicula)^  and  uncertain  impres^^ions  supposed  to  be  ot  a 
Pleurotomaria  and  of  crinoidal  remains.  A  species  of  Iheca 
has  also  been  described  from  Keesville.  According  to  Prof. 
James  Hall  but  three  species  are  known  from  the  Potsdam 
of  New  York.  {Foster  <&  Whitney^s  Report  on  Lake  Su- 
perior^  Part  II.  p.  230;.  The  fossils  of  the  St.  Croix  Sand^ 
stone  are,  according  to  Dr.  Owen,  {liep.  on  the  Geological 
Survey  of  Wisconsiny  Iowa  and  Minnesota,  p.  B24)  the  fol« 
lowing : 

J>Utaocsphalu9  Mlnne9ot€ntU,  (On.)  For  1.  d.  6th  Trilobite  bed,  90  to  100  feet  below  F.  S. 

*^  F^nentU,  {On.)  '* '»  *' 

''  MinisoaeMU,  iOn.)         **    ''    Srd        ''  SOO  to  230  feet 

''  Io€nsi»,  (On.)  For.  1.  b.  let  Trilobite  bed,  more  than  500  feet 

''  granuionu,  (On.)  For.  1  d.  Srd  "  *'         900  feet 


L9nehoesphalu$  CMpjy&wa^nMlt,  (On.) ''  Srd  or  4th  "  ? 

*'  ^amullu,  (On.)  For.  1.  d.  Srd  ''  SOO  to  S20  feet 

Or§pUephalu§  Minnsiotenal*  iOn.)     ''     '' 

^»  WUooiuMHa,  {On.)     "      "  " 

Jionocephalu9Mlnn€9oteMU,{On.)    "      '* 

^uompiMiM  {tptetM  undet.)  For.  1.  f.    0th  ''  60  feet  '* 

Jdmgula  pinnaformU,  (On.)  "   b.  Lingula  nhaltt^  600  feet  '' 

Llmgnla  prima,  (Con.)  ?  '*    ? 

Lingula  ampla,  (On.)  "  c. 

UngulaanHquaAGo^')  ''    f 

Orbiemia  pHtna,  (On.)  "  c.  '*  "  *» 

Oboius  ApoUnit  ''  d,  1  ?  f 

Ortkis  (epeciee  f)  *'  d.  f  ?  f 

Crinoidal  remains,  *'  d.  ?  ?  t 

'  To  these  Mr.  ILiU  adds  from  Wisconsin,  f 

Lingula  poUta,  (H.)  Oono6^phaliUt,  (two  apeciee.) 

Aufwra,  (U.)  Arionellut, 

Th4ta  primordialis,  (H.)  Agno$tit. 

jSt^ulUM  MurehUoni.  J>tMiyc«ra$, 

Of^pioHtkmi  ifaliianu$t  (Front.)  Ortkis  BqrabuentiB,  (H.) 

OrthU,  (apeciea  f) 


*D  Owen  makes  the  thickness  of  the  Potsdam  (Bed  Sandstones  of  L. 
Superior)  over  five  thousand  feet.  See  Owen'i  Beport  on  Wis.,  Iowa  and 
Minnesota,  p.  193. 

tOeology  of  Wisconsin,  vol.  I.,  p.  20. 
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Th6  •*  Menominee  trilobite  bed,"  of  Foster  and  Whitney 
is  placed  by  Owen  in  the  SL  Croix  sandstone.  Of  all  the 
above  species  the  real  Potsdam  sandstone  has  afforded  in 
New  York  but  three  species,  and  those  of  genera  that  rangre 
not  only  through  the  Lower  Silurian,  but  have  maintained 
an  existence  to  the  present  time. 

8th.  Messrs.  Foster  and  Whitney,  recognizing  the  pale- 
ontolo^ical  difference  between  the  Potsdam  sandstone  of 
New  York  and  the  St.  Croix  sandstone  of  the  northwest, 
yet  laboring  to  prove  their  horizontality,  suggest  that  the 
striking  fossils  of  the  latter  may  yet  be  found  in  the  Pots^ 
dam  of  New  York,*  having  been  hitherto  overlooked.  It 
would  seem  more  likely  that  the  few  tossils  of  the  eastern 
Potsdam  have  escaped  the  eye  of  western  geologists  in  ex- 
amining rocks  of  that  horizon,  than  that  the  singular  forms 
of  animals  found  in  the  St,  Croix  sandstone  of  the  west 
have  escaped  the  eye  of  eastern  geologists.  The  following 
table  of  the  number  of  species  found  in  the  state  of  New 
York,  and  the  lake  superior  district  is  of  interest  in  this 
connection.  It  was  prepared  by  Prof.  James  Hall,  and  is 
published  in  Foster  and  Whitney's  Beport  on  Lake  Superior 
land  district.     Part  II,  p.  230. 


Potsdam  Sandstone 

CalclferooB  Sandstone 

Chaxy  Limestone  — 

Birds  Bye,  Black  River  and  {. 

Trenton f 

Hudson  Kiver  Group 

Clinton  Oroop i 

Niasara  Oronp f 

Upper  Holder  berg 


Lake 
Saperlor 
District. 

New 
York. 

8 

4 
10 

M 

31 

26 

lA 

8 
13 
45 

S20 

64 

808 

? 

And  thirty  species  common  to  the 

Trenton  and  other  gronps. 
Besides  thirty  other  species  commoa 
to  this  and  the  preceding  groups. 


Inspecting  this  table  we  see  the  number  of  fossils  found 
in  the  Potsdam  in  the  west,  including  also  those  enumerated 
by  Mr.  Hall  from  the  St.  Ci^oix  Sandstone,  is  equal  to 
those  irom  the  Potsdam  Sandstone  of  New  York.  From 
the  Caki/eivus  the  proportion  of  fossils  found  in  New  York 
is  225  per  cent,  in  favor  ot  eastern  geologists.  From  the 
Chazy  limestone  the  proportion  is  350  per  cent,  in  favor  ot 
eastern  geologists.  From  the  Birds  Eye^  Black  River  and 
Trenton  limestones  the  proportion  is  244  per  cent,  in  favor 
of  eastern  geologists.     From  the  Hudson  River  yrovp  the 


^Foster  and  Whitney's  Report  on  the  Lake  Superior  land  district.    Part 
II,  p.  184. 
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proportion  is  74  per  cent,  in  favor  of  eastern  geologists. 
From  the  Clinton  and  Niagara  groups  the  proportion  is 
1050  per  cent,  in  favor  ot  eastern  geologists.  From  the 
Upper  Htlderberg  the  proportion  is  not  known,  but  probably 
would  exceed  the  per  cent,  of  any  of  the  other  formations, 
in  favor  of  the  eastern  geologists.  This  only  shows  the 
greater  scrutiny  with  which  the  formations  have  been  ob- 
served in  New  York  than  in  the  Lake  Superior  district,  and 
inferentially  that  the  fossils  of  the  8L  Croix  Sandstone 
have  not  been  overlooked  in  New  York.  It  spems  more 
reasonable  to  suppose  the  St.  Croix  Sandstone  is  only  an- 
other illustration  of  the  intercalation  of  arenaceous  sediment 
in  the  Lower  Silurian  of  the  northwest,  creating  really  a 
new  member  of  that  series  ot  rocks,  and  introducing  its 
own  fossils,  and  that  the  paleozoic  base  of  the  Potsdam  in 
New  York  has  not  yet  been  observed  in  the  northwest. 

Notwithstanding  these  considerations  it  has  not  been 
thought  best  to  attempt  the  delineation  of  the  areas  of  these 
sandstones  separately  on  the  preliminary  geological  map 
accompanying  this  report.  They  are  there  colored  as  one 
formation,  under  the  double  designation  of  The  St.  Croix 
and  Potsdam  Sandstones. 

According  to  Dr.  Owen  the  following  table  shows  the 
most  persistent  elements  of  stratification  of  these  great  sand- 
stone formations.  [See  Geol.  Rep.  on  Wis.  Iowa  and 
Minn.  p.  52]. 


o 


iOQ 


\ 


ft. 

'Qaartzote,  light-colored  Bandstones  of  variona  degrees  of  indoratlon, 
with  intercal  aiions  of  beds  of  Magnesian  Llmeatone,  with  glistening, 
crystalline  facets  and  calcero-slliceons  oolite  produced  by  ronnded  grains 
of  quartz  encased  in  calcareous  cement,  containing  Swnnphalut  and  im- 
perfect trilobites.  Locally  with  a  band  of  green  earth 60  to  85 

Mamillary  and  botryoidal  layer  of  white  sandstonW;  sometimes  banded 

wiUi  yellow 6  to  Cinches. 


Thick  beds  of  soft,  ^r^Howish  and  brown  sandstone,  sometimes  with  ft. 
botryoidal,  hard,  projecting  concretions,;  passing  downward  into  fine- 
grained, soft  sandstones  approaching  tripoli 40  to  50 


10 
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e^ 


.o 


§  ( Ash-colored  and  yellowish  arglllo-calcareoas  and  magnesio-calcareons 

:s  1  beds,  containing  mtelooephalut  AfinnMoUatiU^  Still vrater  trilobita  bed,      8  to  tO 


« 
o 


a 
o 


•a 

«> 

» 

O 


Green,  red  and  yellowish  sandstones  with  thin,  schistose,  dolomitie  in- 
tercalations       40 

Upper,  brown  dolomitie  layers,  containing  OrihU^  Zin^uto  and  colnmns 
CWmmfaa,  as  at  La  Orange  Ifoontain 4 


Alternations  of  yellow,  laminated  sandstones  with  green  particles  dis- 
seminated        ft 

Marine  MiU  Trilobite  Grit 6 


Focoidal  layers,  and  thin-bedded  green  and  yellow  sandstones:  at  their 
base  often  a  band  of  about  six  inches  of  green  earth  used  by  the  Indians 

as  a  pigment aOto49 

Green  and  red  sandstones  chai'ged  with  silicate  of  iron 5 

Loose  green  sand,  and  soft  green  sandstone 15 


'Micaceous  sandstone  containing  Dlkelooephalui  MinUkaensU,  D.  granu- 
losa &c 8 

'  Alternations  of  green  and  ferraglnons  sandstones SO 

Micaceoas  sandstones  containing  J^ikeloosphalut  MinUttum^U  Ac. ...  * 


^ 
H 


Thin  layers  of  green  sand  alternating  with  green  earth,  impregnated 

with  siUcate  of  iron 80  to  40 

Lower,  brown  sillceo-calcareons  and  dolomitie  bands  of  Mountain  Is- 
land and  elsewhere 4 

Soft,  thin -bedded  sandstones  with  scales  of  mica  disseminated 10  to  15 

Coarse  Lingula  grit,  green,  yellow,  sometimes  almost  white 100  to  ISO 


o 

•a 
a 

o 

« 

« 
JO 


( Fine  grit.  Place  of  the  Menominie  trilobite  grit  (f)  white  and  yellow 
)  sandstones  and  Obolut  of  Black  R 15 


2  ( Ferruginous  Trilobite  grits,  Schistose  sandstone  containing  fork-tailed 

S  <  trilobite  beds  and  Obolu9  layers 

£  ( Magnesio-calcareous  rock  with  Ohohu  and  fork  tailed  trilobite 


ItoS 

8 


a  ' 


Highly  fossiliferous,  schistose,  siUceo-calcareous  layers  interlaminated 
with  argillaceous,  marly  beds,  charged  with  sulphate   of  Iron;   the 

former  full  of  Linguiaa  and  Orbteulaa.    Palls  of  St.  Croix 60 

Sandstones  with  oblique  lines  of  dep  >sition,  alternating  with  pebbly 
sandstones  and  coarse  grits  of  the  Chippewa,  Black  and  Wisconsin  riv- 
ers, near  the  fblls 60  to  100 

Place  of  the  lake  Superior  ferruginous  and  argillaceous  sandstones 
shales  and  conglomerates 6000 

(b.)    Area  of  the  St.  Oroix  and  Potsdam  Sandstones. 


The  area  here  de^ncribed  embraces  that  ot  the  light-col- 
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ored  quartzose  beds  of  the  St.  Croix  and  Upper  Mississippi 
yalleys,  and  of  the  ferruginous  and  often  metamorphosed 
red  sandstones  which  lie  below  them.  It  can  only  be 
defined  approximately.  It  is  separated  by  the  area  of  the 
grsBitic  and  metamorphic  rocks  into  two  belts,  one  lying 
along  the  southeast  side  of  that  area  and  the  other  along 
the  northwest  side.  The  former  has  a  width  on  the 
St.  Croix  river  extending  from  about  tour  miles  below  the 
mouth  of  Kettle  river  to  a  point  about  six  miles  below 
Franconia.  It  runs  diagonally  across  the  State  toward  the 
southwest,  including  the  counties  of  Chisago,  the  southern 
part  of  Pine,  Isanti,  the  northern  half  of  Anoka,  the  most  of 
Sherburne,  Wright,  the  weetern  halt  of  Carver,  the  eastern 
half  of  McLeod,  the  central  portion  of  Sibley,  the  most  of 
Nicollet,  the  northwest  corner  of  Blue  Earth,  the  greater 
portions  of  Brown  and  Watonwan,  Cottonwood,  Murray, 
Pipestone  and  Rock,  with  the  northern  portions  of  Jackson 
and  Nobles.  The  northwestern  area  of  these  sandstones  is 
supposed  to  include  the  counties  of  Traverse,  Grant,  Otter 
Tail,  the  northern  halves  of  Douglas  and  Todd,  Wadena, 
the  most  of  Cass,  and  the  central  portions  of  Beltrami  and 
Pembina.  There  are  likewise  isolated  outliers  of  these  sand- 
stones even  within  the  area  of  the  granitic  and  metamor- 
phic rocks,  and  a  small  area  also  in  tl^e  eastern  part  of  the 
State,  in  Carlton  and  St.  Louis  counties,  near  the  western 
extremity  of  Lake  Superior. 

(c.)  Liihdlogical  Characters  of  the  St.  Croix  and  Potsdam 

Sandstone, 

The  general  lithological  characters,  and  the  differences 
between  the  St.  Croix  and  the  Potsdam  sandstones,  have 
been  sufiiciently  set  forth  under  the  head  of  Preliminary 
Considerations.  It  only  remains  to  add  special  sections 
observed. 

The  lowest  rock  observed  within  the  State,  lying  above 
the  slates  of  the  metamorphic  series,  is  believed  to  be  the 
red  quartzite  seen  at  Redstone,  near  New  Ulm.  Such  stone 
is  said  also  to  occur  on  the  upper  tributaries  of  the  Cotton- 
wood, viz. :  on  Dutch  Charley's  creek,  T.  108,  R.  37 ;  also 
on  a  branch  of  the  Watonwan  creek,  T.  107,  R.  34.  At 
the  former  place  it  is  now  quarried,  and  is  about  to  be  at  the 
latter.  These  places,  however,  have  not  been  visited, 
though  the  characters  of  this  quartzite  are  sostrikin^^thutthe 
most  unskilled  observer  could  not  fail  to  identify  the  stone. 
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At  Redstone  the  beds  are  tilted  at  an  angle  of  35  to  40 
degrees  toward  the  north,  showing  their  jagged  edges  which 
stick  out  along  the  north  bank  of  the  river.  The  exposed 
rock  rises,  a  short  distance  north  from  the  river  banks,  to  a 
height  of  150  to  250  feet  above  the  lowest  exposed  beds. 
In  these  bald,  lichen-covered  knobs  the  dip  is  maintained  to 
the  north  at  the  same  angle,  making  as  much  as  350  feet  of 
stratification  expose^.  The  surface  of  these  knobs,  and  in 
general  the  surface  exposure  of  the  whole,  is  much  more 
indurated  and  quartzitic  than  those  lower  beds  that  have  been 
opened  by  quarrying  and  by  the  cutting  for  the  railroad 
grade.  It  appears  as  if  the  greatest  metamorphism  had 
taken  place  over  the  surface,  the  lowest  strata  seen  being 
more  perfectly  bedded  and  thinner,  as  well  as  argillaceous 
and  wave-marked.  The  whole  is  of  a  reddish  color,  varying 
from  brick-red  in  the  lower  beds,  to  a  dark-rad  or  purplish 
hue,  in  the  highly  metamorphosed  portions.  It  sometimes 
shows  a  finely  pebbly  structure,  and  some  small  spots  of  a 
softer  texture,  which  on  fracture  have  some  appearance  of  a 
greenish  impure  chert,  or  of  a  serpentinous  or  epidotic  com- 
position. These  greenish  spots  are  closely  impacted  in,  or 
chemically  united  with  the  mass,  as  if  derived  from  it. 
Other  parts  are  more  plainly  a  sandstone,  much  less  glassy 
on  fracture,  showing  all  the  chatacters  of  the  Potsdam  tiand- 
stone^  as  recognized  in  the  Lake  Superior  district.  The  f(>U 
lowing  characters  indicate  the  Potsdam  age  of  this  outcrop 
of  red  quartzite. 

1.  Its  red  color,  spotted  with  lighter  color,  even  to  cream 
color. 

2.  Ripple  marks  and  mud  cracks. 

3.  Worm-marks  and  lucoids. 

8.  Thin  laminae  of  shale  separating  the  beds. 

5,  The  very  obseivable  and  regular  bedding. 

ti.  The  impossibility  of  setting  any  limit  between  the  evi- 
dently sandy  and  sedimentary  portions  and  the  quartzitic 
and  metamorphosed  portions.  They  pass  one  into  the 
other  in  the  distance  of  twenty  feet. 

7.  The  highly  inclined  position  of  the  strata. 

8.  Its  arenaceous  character,  taken  as  a  whole,  in  distinc- 
tion from  the  talcose  and  slaty,  or  the  hornblondic  and  the 
micaceous  nature  of  the  Huronian. 

A  singular  phenomenon  was  observed  on  these  knobs,  in- 
dicating the  recent  activity  of  volcanic  forces.  About  sixty 
rods  north  from  the  railroad  cut  the  superficial  heavy  quartz- 
itic beds  are  tossed  up  on  their  edges  in  opposite  dirfections. 
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over  a  Bpnce  of  a  couple  of  square  rods,  some  blocks  of  ten 
feet  long  and  four  or  five  feet  thick,  standing  exactly  on 
their  edges  near  the  point  of  outburst*  These  pieces  are 
all  llchenous  and  weathered,  indicative  of  the  great  age  of 
their  exposure  in  that  condition.  The  whole  place  looks 
very  much  as  the  tilted  beds  in  a  quarry  immediately  after 
the  discharge  of  a  blast  of  gunpowder.  In  the  center  of  the 
place  where  the  beds  are  most  disturbed  and  broken,  fis- 
ures  and  openings  in  the  deeper  seated  strata  may  bo  seen, 
while  one  large  opening  descends  down  nearly  perpendicu- 
larly into  the  rock.  The  positions  of  these  loose  pieces 
which  are  undeniably  torn  from  the  beds  near  where  they 
lie,  indicate  the  operation  of  some  powerful  subterranean 
force  since  that  part  of  the  State  was  subjected  to  the  level-- 
ling  process  of  glacier  ice. 

The  Lingula  8hale^  at  the  falls  of  the  St.  Croix  river,  is 
believed  to  bold  a  place  stratigraphically  above  the  sand- 
stone at  New  Ulm,  although  at  that  place  a  trap  outburst 
entirely  screens  the  actual  superposition  from  observation. 
These  shale  beds  there  abut  conspicuously  and  almost  hori- 
zontally against  the  trap  rock  which  rises  on  nearly  all  sides 
to  the  Light  of  two  or  three  hundred  feet.  ,  At  the  village 
of  St.  Croix  Falls  a  little  creek  enters  the  river  at  the 
foot  of  Georgia  street.  Just  as  it  joins  the  river  it  passes 
over  six  or  eight  feet  of  green  shale  filled  with  Lin- 
gulas  and  Obiculas^  of  which  there  seem  to  be  several 
species.  The  shale  is  extremely  rusty  with  iron  in  all  crev- 
ices and  partition  planes,  owing  propably  to  the  oxydation, 
by  the  running  water,  of  the  fine  crystals  of  pyrites,  with 
which  much  of  the  shale  is  crowded.  After  an  obscured 
interval  of  several  feet,  believed  to  be  occupied  by  this 
shale,  at  a  point  further  up  the  creek,  the  water  passes  over 
about  ten  inches  of  coarse,  rusty  sandstone.  Still  further 
up  this  cteek  probably  similar  shale  underlies  the  immediate 
surface.  Yet  the  hills  of  trap  rock  rise  suddenly  within  a 
quarter  of  a  mile  of  the  river,  to  the  hight  of  over  150 
feet.  Further  up  the  river,  other  creeks,  entering  from  the 
east,  expose  the  same  shale  along  their  sides,  or  in  their 
beds.  At*  one  point  the  immediate  bank  of  the  St.  Croix 
river  shows,  at  the  village  of  St.  Croix  Falls,  a  thickness  of 
49  It.  8  in.  of  horizontal  bedding,  measured  by  Locke's 
Level.  The  dry,  weathered  surface  of  this  blufi*  has  an 
ashen  color,  jet  exudes  a  substance  which  on  becoming  dry 
is  yellow  and  has  much  the  taste  of  alum.  There  are  also 
interlaminated  thin  layers  of  arenaceous  shale  or  sandstone, 
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more  enduring.  These,  lying  in  fragments  at  the  foot  of 
the  bluff,  show  surfaces  that  are  almost  completely  covered 
with  the  broken  or  entire  valves  of  fossil  Lingrdas  and 
O'jiculas,  These  fossils  pervade  the  whole  thickness  of  thia 
shale,  so  far  as  here  seen,  and  they  seem  to  have  gathered 
in  unwonted  abundance  in  the  isolated  depressions  or 
basins  of  the  original  taprock  surface.  Occasional  rude 
septaria  of  impure  blue  limestone  also  contain,  but  in  iesa 
quantities,  the  same  fossil  bivalves. 

Section  at  Winona  ^  in  Winona  Qounty. 

In  ascending  order  the  next  section  observed  is  that  ot  the 
bluffs  at  Winona.  It  includes  also  a  partot  the  Lower  Mag* 
nesian  -Limestone.  It  shows  the  following  stratification  in 
descending  order : 

Vo-  1. — Slope  from  the  summit  to  the  brink  of  Observatory 

Bluff  (character  of  rock  nakaown) 90  A. 

Ko.  2. — Arenaceous  breccia,  or  conglomerate,  belonging  to 

the  Lotoer  Magnesian  Limestonef  with  coniiiderable  cal- 
careous matter,  especially  in  the  form  of  patches  of 

calc-spar  and  some  very  hard,  gray  limestone,  which  is 

often  variegated  in  colors  of  red,  greenish  and  pink. 

It  contains  also  chert  and  colored  flint;   but  the  flint 

teems  to  be  united  with  the  matrix  as  if  produced  by 

chemical  secretion  like  the  calclte.    This  rock  forms 

the  bold  buttresses  which  in  many  places  round  out  the 

summits  of  the  bluffd  and  form  their  prominent  angles, 

as  at  Castle  Rock,  on  the  Wisconsin  side,  and  on  Ob« 

serTatory  Bluff,  opposite  the  Normal  School.    At  the 

railroad  cuts,  above  Stockton,  it  sunds  out  in  isolated 

pinnacles  and  towers.    It  has  the  outward  aspect  of  a 

rough,  cavernous  and  concretionary  breccia. • . .  • .    55  ft. 

No.  8.— Heavy,  regular  beds  of  Lower  Magnesian  Lime' 

etone.    These  layers  are  of  a  cream  color,  hard  and  en* 

during,  and  somewhat  vesicular,  but  very  extensively 

wrought  for  building.    Of  these  beds  99  ft.  41  in.  are 

seen  in  the  singular  outlier  known  as  Sugar  Loaf U5  ft.  f   la. 

Ko.  4. — Interlaminatlons  of  limestone  with  sandstone,  be- 
longing to  the  St.  Croix  Sandstone.    The  details  of  the 

stratification  here  are  as  follows,  in  descending  order : 
(a.)— Homogeneous,  incoherent,  white  sand-  i 

stone,  very  similar  to  the  St.  Peter  Sand-  \ 

etone 2ft. 

(b.)— Hard  sandstone,  with  considerable  cal-  j 

careous  matter  having  much  the  aspect  of 

the  overlying    limestone   with    common 

masses  of  calc-spar S  ft. 

(c.)— i^rlable  sandstone,  white 9  A. 

(d-l—Same  as  (b) 6  ft. 

(e.)— Loose,  sandy  shale,  with  fragments  of 

light  green  shale  in  scales 1  ft  6  In.  i 

(f.)— Same  as  (b) S  ft. 

(g.)— Same  as  (a) 1ft. 
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<b.)— SMne  as  (b),  almost  a  pare  aod  crystalline 

dolomite • 6  ft. 

(i.)— Same  as  (a)«  very  coarse  grains  of  rounded 

sand,  consisting  of  pnrely  white  quartz, 

with  lenticular  beds  and  masses  of  lime- 
stone    10  ft. 

(J.)— Same  as  (i),  but  more  calcareous  and  pro- 
jecting  20  a. 

<k.)— Sandstone ;   massive,  with  little  or  no 

calcareous  matter 13  ft. 

(1.)— Calcareous  layers,  and  thin  sand  layers 

alternating  as  above,  the  greater  portion 

being  sand,  aggregating  about 65  ft. 

These  alterations  make   up    (e)    and  (f)   of 

Owen's  general  section  (see  p.  78) 125  ft. 

Ko.  5 — Massive  mural  sandstone,  passing  below  a  talus, 

seen - 20  ft. 

Ko.  6. — Interval,  unobserved,  hid  by  talus  Ceo ve ring  (d)  of 

Dr.  Owens*  general  section) 226  ft.  S)  In. 

No.  7 — Hard,  massive,  ferruginous  sandstone,  containing 

Lingula  ((c)  of  Dr.  Owen's  general  section?)    This  is 

seen  near  the  base  cif  the  escarpment,  nearly  a  mile 

above  Observatory  Bluff,  seen 8  ft. 

No.  8.— Sloping  talus,  to  the  level  of  Winona  lake 15  ft. 

Total  hight  of  bluffs 594  ft.  91  in. 

Although  other  sections  covering  more  or  less  of  the  Pots* 
■dam  and  St,  Croix  sandstones  have  been  taken  at  different 
j)1aces,  yet  nothing  has  been  observed  throwing  additional 
light  on  the  relations  of  these  two  formations,  and  they  are 
withheld  till  the  proper  time  for  reports  on  detailed  work 
by  counties. 

(d.)  lossilsoj  the  St.  Croix  and  Potsdam  Sandstones. 

It  has  already  been  stated  that  the  only  fossils  found  in 
these  sandstones  pertain  to  the  upper  or  St.  Croix,  and  that 
in  the  lower,  which  is  more  probably  the  real  equivalent  of 
the  Potsdam  Sandstone  of  New  York,  no  well  detined  fossil 
remains  have  yet  been  discovered  in  the  State  of  Minnesota. 
The  obscure  iucoids  and  worm^marks  have  indeed  been  seen ; 
but  their  real  oiigiu  may  be  regarded  as  yet  undetermined. 
For  a  list  of  fossils  found  in  the  St.  Croix  beds,  io  the  State 
of  Minnesota,  and  enumerated  by  Dr.  Owen,  the  reader  may 
consult  a  former  page  entitled  **  Preliminary  Consideia- 
tions.'^ 

(e.)     Economical  Value  of   the  St.   Croix  and  Potsdam 

Sandstone. 

The  Potsdam  Sandstone^  in  the  vicinity  of  Lake  Superior 
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where  invaded  by  the  disturbance  of  trap  outbursts,  la 
known  as  the  most  highly  cupriferous  rock  in  the  United 
States.  This  is  not  because  the  rock  itself  in  all  places  Lh 
liable  to  contain  copper,  but  is  owing  to  the  agency  of  igne- 
ous and  perhaps  to  other  metamorphic  forces.  It  is  also- 
confined  to  the  lower  portion  of  the  formation,  and  is  accom* 
panied  with  the  various  forms  of  volcanic  rock  and  conglom- 
erate. What  amount  of  copper  it  may  carry  in  the  northern 
part  of  the  State  of  Minnesota  is  entirely  unknown.  As  it 
occupies  a  considerable  area  where  the  beds  are  known  to 
have  been  highly  tilted  from  a  horizontal  position,  it  is  not 
unreasonable  to  suppose  that  copper  in  considerable  quanti- 
ties may  yet  be  found.  The  Potsdam  has  also  very  oflea 
supplied  a  stone  for  building  purposes,  of  a  very  superior 
quality.  The  Lake  Superior  •«  brown  sandstone"  is  from 
rocks  of  this  age.  It  is  believed  that  the  use  of  sandstone 
in  important^ structures  is  to  become  much  more  prevalent 
than  formerly,  and  any  available  outcrop  of  this  rock  ought 
to  be  fully  proved  for  stone  of  this  kind.  The  nearest  and 
most  accessible  exposure  of  this  kind  for  the  markets  of  cen- 
tral and  southern  Minnesota  is  that  at  Bedstone,  near  New 
Ulm.  As  it  is  reached  directly  by  railroad  it  is  safe  to  say 
the  time  is  not  far  distant  when  the  markets  of  the  State  will 
be  able  to  furnish  stone  from  this  vicinity  of  a  quality  equal 
to  any  found  in  the  Northwest.  It  will  also  supply  a  vast- 
extent  of  country  in  northern  Iowa  which  is  largely  desti- 
tute of  stoue  suitable  for  purposes  of  construction. 

Some  >  ortions  of  the  Hi,  Oroix  sandstone  have  been  quar- 
ried for  building  purposes,  and  at  Taylor's  Falls  it  has  been 
used  in  one  or  two  business  blocks.  It  is  of  rather  coarse- 
grain  and  friable  on  first  quarrying,  but  the  weather  operates 
to  harden  it  in  a  few  months.  It  is  of  a  lighter,  pleasanter 
color  than  the  Potsdam.  Except  for  the  manufacture  of 
glass,  (or  which  much  of  the  light  sandstones  of  the^St.  Croix 
beds  is  suitable,  and  favorably  exposed  along  the  Mississippi 
river,*  it  is  not  known  that  there  is  any  other  important 
use  to  which  these  formations  may  be  put.  Some  of  the 
clays,  especially  those  stained  with  iron,  may  be  made  use- 
ful for  pigments,  and  the  bed  of  red  Catlinilet  used  formerly 
by  the  Indians  in  Pipestone  county,  takes  a  polish  which  will 
render  it  valuable  fir  small  ornaments. 


*At  Red  Wing  Mr.  Pascall  Smith  so  atUizes  this  formation,  shipping  li 
by  barges  down  the  Mississippi  to  points  In  lUiuols. 
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3.      THE  LOWER  MAOXESIAX   LIHE8T0XE. 

(a.)     Its  Area. 

Beginning  nt  the  southeastern  corner  of  the  State  where 
this  limestone  forms  the  summits  of  the  bluffs  of  the  Mis- 
sissippi and  supports  the  high  table-land  that  extends  west- 
ward from  the  river,  this  formation  occupies  a  belt  of  ir- 
regular width  along  the  west  side  of  that  river  to  a  point  a 
little  above  Hastings,  where  its  western  limit  crosses  the 
Mississippi.  The  eastern  edge  of  this  belt  runs  along  the 
east  side  of  the  Mississippi  including  considerable  of  the 
State  of  Wisconsin.  Hence  it  underlies  the  most  of  Houston 
county,  the  northeastern  part  of  Fillmore,  the  eastern  half 
of  Winona,  nearly  the  whole  of  Wabashaw,  and  the  eastern 
portions  of  Goodhue  and  Dakota.  North  of  the  Mississippi 
this  belt  curves  more  to  the  west,  bringing  its  eastern  mar* 
gin  across  the  St.  Croix  river  a  few  miles  below  Franconia. 
Passing  westward  this  limestone  underlies  the  northern  and 
eastern  portions  of  Washington  county,  the  central  portions 
of  Anoka^  Hennepin  and  Carver,  the  most  of  Scott  and  Le 
Si'tcur,  the  eastern  portions  of  Sibley  and  Nicollet,  the  cent- 
ral portions  of  Blue  Earth  and  Martin  and  the  southern  por- 
tions of  Jackson  and  Nobler).  In  the  northwestern  part  of 
the  State  an  area  is  supposed  also  to  be  underlain  immedi- 
ately by  this  limestone,  but  its  limits  are  entirely  conjectural, 
so  far  Hs  they  are  expressed  on  the  accompanying  preliminary 
map.  The  same  is  true  in  respect  to  the  boundaries  of  this 
limestone  in  the  southwestern  part  of  the  State. 

(b)     lis  General  Lithological  Characters.   ' 

The  eastern  name  of  this  limestone  is  Calciferous  Sand^ 
rockf  so  named  from  the  intimate  mixture  ot  dolomitic  end 
arenaceous  ingredients.  In  Minnesota,  however,  a  large 
proportion  of  this  member  of  the  Lower  Silurian  is  a  truly 
magnesian  limestone,  and  almost  free  from  sand.  In  some 
places  heavy  and  continuous  layers  of  white  sand  are  found 
between  equally  heavy  and  persistent  layers  of  limestone ; 
while  throughout  the  whole  thickness  of  the  formation  the 
uniformity  ot  the  bedding  is  liable  to  interruption  by  the 
inexplicable  occurence  of  isolated  masses  of  breccia,  or  cav- 
ernous conglomerate,  in  which  the  arenaceous  and  calcare- 
ous qualities  are  intimately  and  confusedly  mixed.  The 
lower  beds  are  often  abundantly  intersahtified  with  and 
11 
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broken  by  more  or  less  continuous  l^ands  of  chert.  Dis- 
tinctly oolitic  characters  also  sometimes  prevail.  Its  color 
is  light,  varying  from  a  cream  color  or  light-buff,  to  a  pink- 
ish salmon.  While  much,  even  of  the  most  evenlv  bedded 
portions  of  this  limestone,  is  somewhat  vesicular  or  shows 
spar-lined  cavities,  its  general  firmness  is  very  great,  and  it . 
forms  the  prominent  angles  to  the  summits  of  the  bluffs  on 
either  side  the  Mississippi  below  the  confluence  of  the  St. 
Croix.  These  even  and  heavy  layers  are  those  usually 
quarried  for  building-stone,  while  the  less  regular  and  con- 
cretionary parts  are  better  adapted  to  lime  making,  both 
from  the  greater  ease  with  which  the  beds  may  be  removed 
and  their  comparative  freedom  from  sandy  and  clayey  im- 
purities. 

The  following  sections  have  been  taken  from  exposures 
of  this  limestone,  in  addition  to  that  given  in  connection 
with  the  underlying  sandstone,  at  Winona,  (p.  78)  and 
will  furthep  elucidate  the  lithological  characters  of  the  for- 
mation. 

Section  at  Quincy^  in  Olmsted  County. 

Taken  near  the  dam,  in  descending  order. 

No.  1.— Xrotoer  Magnuian  Limestone;  qaite  arenaceous,  falling: 
oot  Id  huge  masses  which  are  rough,  distorted  in  their  crude 
bedding,  and  unmanageable  as  a  quarry-stone,  showing  much 
calc-spar.  Limestone  and  sandstone  are  mingled  with  occa- 
sional strips  of  a  light-green  shale.  In  general  the  face  pre- 
sents the  appearance  of  an  alternation  of  horizontal  layers  of 
thin  and  more  shaly  beds,  with  heavy,  coarse  and  rough  lime- 
stone beds.  8ome  green  shale  layers  alternate  with  dark 
umber  colored  (ochreous)  shale,  neither  being  more  than  two 
inches  thick.  They  are  tortuous  and  not  continuous.  This 
phase  appears  like  the  tops  of  the  bluffs  at  Winona,  but  Is 
probably  at  a  considerably  higher  horizon 80  ft. 

Ko.  2.— Persistent,  white  sandstone  or  granular  quartzite,  seen.    10  ft. 

Total  exposure 40  ft. 

Section  at  Shakopcet  in  Scott  County. 

The  quarries  at  Shakopee  for  lime-burning  expose  about  twenty- 
ty-flve  feet  of  stratification,  though  the  bedding  Is  much  con- 
ftised  and  almost  obliterated  by  chemical  and  other  roeta- 
morphio  agencies.  The  stone  is  very  rough  and  very  often  a 
true  breccia.  It  is  somewhat  arenaceous,  and  also  argillace- 
ous. Some  small,  shapeless  cavities  are  filled  with  a  green- 
ish shmle,  which,  if  indurated,  would  be  like  some  flinty  spots 
often  seen  in  the  same  formation,  as  at  Winona.  Some  of 
this  shale  is  so  hard  as  to  have  concholdal  ftractnre,  and  some 
is  so  soft  as  to  be  like  wax  or  putty  in  the  flngers.    It  varies 
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through  different  ahades  of  green  and  blae.  It  seems  to  be 
intimately  blendea  In  texture  with,  and  insensibly  passes 
into,  the  compact  limestone  of  the  mostflae-gralned  portions 
of  the  quarry.  It  is  not  a  common  Ingredient.  Some  other 
cavities  are  lined  with  incrustations  of  mammlllated  and 
drosy  quartz.    Exposed  about 25ft. 

SeUion  at  Manhaio^  in  Blue  Earth  County. 

(Quarry  of  Maxfield  and  Sons :  indescending.order :  gen- 
tle dip  N.E.) 

No.  1. — Porous  magnesian  limestone,  not  used .r^itoGft. 

No.  2. — Coarse,  friable  sandstone 2  to  4  ft. 

No.  3. — Magnesian  limestone,  burned  for  lime 2  ft. 

No.  4. — Calciferons  sandstone,  in  heavy  beds,  of  various  grain 

and  texture,  sometimes  mottled,  quarried  for  building 30  ft. 

No.  5.— Shale,  arenaceous  and  mottled  with  red 3  ft. 

No.  6. — Calclferous  sandstone,  used  as  a  cut-stone,  for  sills  and 

flronts 4  ft. 

No.  7. — Rough  and  Irregular  sandstone • 12  ft. 

Total  exposure Oi  ft. 

(No.  7  here  is  probably  the  upper  portion  of  the  St,  Croix 
Sandstone.  The  thickness  of  the  Lower  Magnesian  is  at 
least  230  feet,) 

(c)   Fossils  of  the  Lower  Magnesian  Limestone. 

This  great  dolomite  is  comparatively  meagre  in  fossil  con- 
tenj;s*  It  affords  a  small  number,  {three  according  to  Dr. 
Shumard),  of  species  ot  trilobites,  and  a  few  of  bivalve  and 
univalve  molluscs.  Of  these  the  most  characteristic  are 
Dikehcephalus^  and  other  trilobites  «<  allied  to  the  family 
Olenedcs"^  (Shumard)  ;  a  handsome  little  Lingula^  *«  of  an 
ovate  shape,  with  fine  concentric  striae,  not  distinguishable 
from  Lingvla  Dacotaensis^*  (Shumard) ;  also  another  species 
of  Lingula  much  larger  ih^LaL.Dacotaensis;  an  unnamed 
species  of  Pleurotomaria{  9) ,  an  unknown  species  of  Orthis 
and  lerebratula.  Besides  these  the  most  frequent  fossil, 
perhaps,  throughout  at  least  the  upper  portion  of  tha  forma- 
tion, is  a  species  of  JEuomphalus  {Ophiletaf)  which  is  appa- 
rently the  same  that  Dr.  Owen  has  described  and  named 
Stroparollus  Minnesotensis.*    The  observations  of  the  pres- 

*0n  page  484  of  Owen's  final  report  Dr.  Shumard  describes  this  fossil 
as  found  In  F.  1.  Yet  Dr.  Owen  in  his  description  [p.  581],  and  on  Plate 
II  assigns  It  to  the  Lower  Magnesian.  A  similar  contradiction  occurs  In 
the  double  assignment  of  FUuroU*mana  mtLtalis,  It  Is  referred  from 
the  same  locality  both  to  F.  2,  and  V.  8,  so  constantly  that  It  cannot  be 
attributed  to  typographical  oversight. 
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ent  survey  baveonly  disclosed  a  gasteropod  fossil,  probably 
the  same  Euomphalus  in  the  upper  portion  of  the  formation, 
seen  in  the  bed  of  the  Zumbro,  at  Rochester,  near  the  Brad- 
ley House ;  and  a  species  of  Lingula  answering  tho  charac- 
ters of  L.  Dacotaensis^  in  the  same  stone  where  quarried  by 
Messrs.  Maxfield  and  Sons,  at  Mankato. 

In  Iowa  crinoidal  remains  are  found  in  the  Lower  Mag- 
nesian.  In  Wisconsin  near  Madison  a  Dikdocephcdus  trilo- 
bite  was  found  in  the  drift,  supposed  to  be  from  the  Lower 
Magnesian^  and  Prof.  Hall  also  reports  various  indistinct 
remains  ot  Orthoceratiles.  In  Western  Canada  the  Lower 
Magnesian  exhibits  a  more  abundant  fauna,  including  differ- 
ent genera  of  trilobites,  orthoceratites,  gasteropods,  and 
brachiopods.  The  great  '^Quebec  Group"  which,  in  Eastern 
Canada,  is  supposed  to  include  the  Lower  Mfgnesian  of  the 
Northwest,  unfolds  an  entirely  new  and  wondrously  rich 
assemblage  of  Silurian  fossils. 

(d.)     Economical  Value  of  the  Lower  Magnesian* 

The  value  of  this  limestone  is  greatly  enhanced  by  its 
stratigraphical  position.  It  is  not  only  the  lowest  in  the 
geological  series  of  the  State,  but  it  is  separated  from  the 
next  higher  by  a  considerable  thickness  of  friable  sandstone. 
Therefore  it  must  serve  all  the  uses  to  which  limestone  may 
be  put,  throughout  the  area  of  the  granitic  and  metamorphic 
rocks,*  and  also  throughout  the  adjoining  belts  of  the  PoU- 
dam  and  the  8U  Croix^  and  the  Si.  Peter  sandstones  on 
either  side. 

As  its  name  indicates,  it  is  not  a  pure  limestone,  but  a 
dolomite,  or  magnesian  limestone.  It  usually  contains  about 
one  equivalent  of  carbonate  ot  lime,  and  one  of  carbonate 
of  magenesia,  with  some  insoluble  silicates,  and  tracer  of 
alumina  and  iron,  the  largest  per  cent,  being  made  up  of 
carbonate  of  lime.  It  was  formerly  believed  that  a  dolom- 
itic  limestone  was  not  adapted  to  lime-burning.  The  pure 
limestones,  or  those  that  comprise  about  ninety  per  cent,  ot 
carbonate  of  lime  were  eagerly  sought  for  the  strength  and 
quickness  of  the  lime  they  afford.  Such  is  the  character  of 
most  of  the  first  twenty  feet  of  the  Trenton  Limestone^  which 
lies  above  the  8t.  Peter  JSandatone.  It  has  more  recently 
been  found,  however,  that  the  magnesian  limestones,  to 

*  No  notice  is  here  taken  ot  metamorphic  limestone§,  some  of  which 
may  occur  in  Minnesota.  They  ftimish  the  marbles  of  the  New  England 
states. 
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"which  class  belong  most  of  those  of  Upper  Silurian  age  ia 
the  northwest,  as  well  as  the  Lower  Magnesian  and  the 
'Galeha  of  the  Lower  Silurian,  afford  a  quicklime  which,  al- 
though less  hot  in  slacking,  and  slower  in  setting,  is  on  the 
other  hand  more  cheaply  burned  and  better  adapted  to  the 
uses  of  common  mortar. 

**  The  properties  of  these  limestones  are  very  different. 
Those  of  the  first  class  require  to  be  submitted  to  a  higher 
temperature  in  *  burning'  than  the  second.  They  slake 
promptly  and  thorougly,  and  in  the  operation  evolve  a  great 
degree  of  heat.  From  this  last  tact  they  are  termed  «  hot ' 
or  «  fiery*  limes.  They*  set 'or  harden  so  soon  that  but 
two  or  three  bricks  can  be  laid  with  one  spreading  of  mor- 
tar, and  walls  that  are  made  of  them  have  a  tendency  to 
*  chip-crack.'  It  is  quite  likely  that  this  last  namod  prop- 
€rty  can  be  attributed,  in  some  degree,  to  the  silica  and 
alumina  that  they  contain. 

The  second  class  contains  those  limes  that  are  called  ^cool.' 
They  do  not  give  out  as  much  heat  in  slaking  as  the  limes 
of  the  first  class,  nor  do  they  *  set'  as  soon.  From  five  to 
twenty  bricks  can  be  laid  with  a  single  spreading  of  mor- 
tar, in  plastering  a  corresponding  advantage  can  be  ob- 
(tained. 

On  purely  practical  grounds  the  builders  of  southwestern 
Ohio  have  come  to  recognize  the  greater  desirability  of  the 
limes  of  the  last  named  class,  and  none  others  can  now  find 
market  in  the  cities  and  towns  of  this  portion  ot  the  State." 
[Prof.  Edward  Orton,  on  the  Geology  of  Montgomery 
countv,  in  the  First  Report  of  Progress  of  the  Geological 
Survey  of  Ohio,  for  1869]. 

The  lime  made  from  the  Lower  Magnesian  in  Minneeota 
is,  so  far  as  observed,  of  a  very  dark  color.  It  is  distin- 
jsuished  in  some  places  as  **  black  lime,"  in  comparison  with 
that  burned  from  calcareous  tufa,  which  is  called  **  white 
lime."  In  other  places  it  is  known  as  ^'leather  colored" 
lime.  Yet  even  where  the  bulk  of  the  lime  produced  is  of 
A  dark  color  some  inconsiderable  spots  and  streaks  are 
almost  as  white  as  lime  made  from  any  other  formation. 

The  lime  made  at  Shakopee,  in  Scott  county,  is  exceedingly 
<Iark,  and  is  commonly  known  as  leather-colored.  It  has 
not  the  purplish  or  ashen  tint  of  some  dark,  Ohio  limes 
from  the  Hamilton  limestone,  but  an  ochreous  or  umber 
color.  It  is  also  specked  and  sometimes  streaked  with 
whitish  spots  or  with  shades  of  lighter  brown,  and  in  slack*, 
ting  it  takes  the  color  of  rich  cream. 
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At  the  kiln  of  Mr.  Isaac  LincolQ,  lime  sells  at  75  cent^ 
per  barrel  of  225  pounds,  on  the  ground.  Last  year  16,000 
barrels  were  shipped,  or  an  average  of  1,300  barrels  per 
month.  The  monthly  production  sometimes  reaches  2,700 
barrels.  The  markets  are  mostly  St.  Paul  and  Minneapolis. 
Mr.  Lincoln  burns  from  four  to  five  cords  of  mixed  wood  ta 
each  hundred  barrels,  and  uses  a  constant  kiln  of  a  patent 
unknown. 

The  other  kiln  at  Shakopee  is  owned  by  Mr.  Baptiste 
Centre.  Lime  here  sells  mostly  at  St.  Paul  and  Minneapolis 
at  75  cents  per  barrel.  The  monthly  production  is  trom 
1,200  to  1,700  barrels,  consuming  lour  or  five  cords  (mostly 
four  corda)  of  mixed  wood  per  hundred  barrels.  The  kiln 
is  similar  to  that  of  Mr.  Lincoln.  At  Louisville,  four  miles 
further  up  the  Minnesota  valley,  are  two  other  limekilns 
employed  in  burning  the  Lower  Maynesian. 

At  Mankato,  in  Blue  Earth  county,  the  quarry  of  Messrs. 
Maxfiold  and  Son  supplies  both  quicklime  and  building  stone. 
The  former  is  delivered  at  the  depot  at  80  cents  per  barrel 
of  225  pounds.  Twenty  cords  of  mixed  wood  burn  three 
hundred  barrels. 

Stone  from  the  quarry  of  Messrs.  Maxfield  and  Son,  at 
Mankato,  has  been  used  in  the  construction  of  the  Catholic 
church  at  that  place.  The  foundation  and  all  dressed  stone 
in  the  Second  Normal  School  building  are  from  the  same 
quarry.  The  foundation  and  dressed  stone  in  the  City  Bank, 
and  in  Harmonia  Hall,  as  well  as  the  entire  structure  ojf 
Hiffgins  Hall,  and  the  fronts  of  several  business  blocks,  at 
Mankato,  are  from  the  same  quarry. 

At  Kasota,  in  Le  Sueur  county,  the  Lower  Magnesian  is^ 
considerably  wrought,  and  is  finding  market  at  Minneapolis 
and  St.  Paul.  Quarries  here  are  owned  by  Reuben  Buttars, 
J.  W.  Babcock,  and  by  Downs  Brothers.  The  stone  itself 
is  handsomely  tinted  with  pink ;  and  for  its  beauty,  its  regu- 
larity of  bedding  which  is  sometimes  nearly  two  feet  in  thick- 
ness, and  its  homeogenous  texture  which  renders  it  easy  to 
shape  into  all  forms,  it  is  adapted  to  ornamental  work  as  well 
as  heavy  masonry.  It  is  cut,  as  at  Mankato,  into  posts,  sills, 
caps  and  watertables.  For  its  adaptability  to  all  uses  it  i« 
worthy  of  being  ranked  with  the  Waverly  Sandstone,  and 
it  is  more  enduring  even  than  that,  under  the  action  of  at- 
mospheric changes,  owing  to  the  more  general  and  abundant 
dissemination  of  the  calcareous  cement;  while  its  varie- 
gated coloring,  and  its  more  lively  expression  make  it 
preferable  in  many  kinds  of  work.    It  is  used  in  the  north 
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and  south  wings  of  the  State  Lunatic  Asylum  at  St.  Peter, 
and  the  central  portion  of  the  building,  when  completed, 
will  contain  it.  The  Episcopal  church,  and  the  old  Asylum 
building  are  also*  constructed  from  it.  The  new  Baptist 
church  at  St.  Paul  is  being  made  from  the  Easota  stone.  In 
old  structures  where  it  has  been  exposed  for  a  number  of 
years  to  the  disintegrating  action  of  the  elements,  it  shows 
as  sound  and  hard  as  ever.  It  even  becomes  harder  on  ex- 
posure, as  the  quarry  water  dries  out. 

At  St.  Peter,  in  Nicollet  county,  a  quarry  owned  by  the 
Asylum  farm  affords  a  stone  of  a  lighter  color,  but  other- 
wise yery  similar  to  that  from  Kasota,  being  also  in  the 
Lower  Magnesian. 

At  Red  Wing,  in  Goodhue  county,  the  quarries  near  the 
top  of  La  Grange,  or  <*Barn  Bluff,"  supplied  from  the 
Lo^oer  Magnesian  the  stone  put  in  the  railroad  bridge 
over  the  Mis8i98ippi  at  Hastings,  and  also  that  used  in  the 
Episcopal  church  at  Red  Wing. 

At  Winona,  in  Winona  county,  valuable  quarries  in  this 
formation  have  been  opened  in  the  **Sugar  Loaf,"  by  Mr. 
Toms,  and  in  the  bluff  next  west  of  Sugar  Loaf  by  Mr. 
James  Burke.  These  quarries  supplied  the  trimmings  and 
all  cut-stone  used  in  the  First  Normal  School  at  that  place. 

At  Stillwater,  in  Washington  county,   the  Lower  Mag^ 
nesian  is  extensively  used  for  the  most  important  structures. 
Some  of  it  is  quite  close-grained,  and  without  pores,  mak- 
ing  a  fine  cut-stone  of  a  light  cream-color.     Some  of  it,  from 
the  same  quarry,  is  also  very  rough  and  porous,  and   of- a 
darker  color.     That,  however,  which  is  rough  and  porous  is 
as  enduring  as  that  which  is  compact.     Indeed  the  porous 
masses  are  apt  to  be  more  lasting  and  in  heavier  beds  than 
the  close  grained.     This  stone  has  been  put  into  the  Public 
School  House  at  Stillwater,  and    as   trimmings    in   many 
houses  built  of  brick.     The  State  Prison  at  the  same  place 
is  built  of  it.     The  Court  House  is  of  red  brick,  (made  near 
Stillwater) ,  the  trimmings  being  of  the  Lower  Magnesian 
quarried  at  Stillwater,  and  of  the  blue  flagging,  from    he 
irenion  quarried  at  St.  Paul.     The  steps  in  front  and  the 
walls  at  the  ends  of  the  steps  are  of  the  Lower  Magnesian^ 
while  the  coping,  sills,  lintels  and  water-tables  are  of  the 
darker  colored  Treiiton.    Several  churches  at  Stillwater  are 
made  of  the  Lawer  Magnesian  with  Trenton  blue  flags  from 
St.  Paul,  for  sills,  caps  and   water-tables.    This  combina- 
tion of  colors  gives  the  structure  a  very  attractive  ensemble f 
but  it  is  at  the  cost  of  durability.    It  is  a  great  mistake  to 
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place  these  blue  flags  in  such  exposed  parts  of  important 
buildings.  They  are  much  more  destructible  than  the 
Lower  Magnesian^  and  will  fall  out  iu  chips  aud  thin  shaly 
partings  long  before  the  weather  has  any  effect  on  the  Lower 
Magnesian  of  the  main  walls. 

4.      THE   ST.   PETEB   SANDSTONE. 

(a.)     IlB  Area. 

The  incohereucy  ot  this  sandstone  renders  a  definition  of 
its  area  very  difficult.  It  is  placed  between  two  important 
limestones  of  the  Lower  Silurian,  both  of  which  endure  the 
erosion  of  ice  and  water  and  the  disintegrating  action  of  at- 
mospheric forces  with  greater  persistence  than  the  sandstone 
itself.  The  underlying  Lower  Magnesian  is  apt,  in  the 
southeastern  portion  ot  the  State,  to  stretch  out  for  several 
miles  over  a  low  flat,  its  upper  surface  forming  the  basis. 
But  as  it  graually  passes,  owing  to  a  gentle  dip,  below  the 
surface,  occasional  isolated  mounds  rising  about  125  feet 
above  the  general  level  are  seen  by  the  traveler.  These  be«^ 
como  more  and  more  frequent  and  at  last  coalesce  iu  the  di« 
rection  of  the  dip,  so  as  to  form  a  continuous  flat  topped 
shoulder  or  bench,  like  the  mesas  of  New  Mexico,  on  which 
the  same  features  of  surface  and  soil  prevail  as  on  the  lower  flat 
formed  by  the  Lcwer  Magnesian*  On  examination  of  these 
precipitous  ascents  from  the  lower  to  the  higher  prairie,  they 
are  found  to  consist  of  the  8l  Peter  Sandstone^  capped  with 
the  first  fifteen  or  twenty  feet  of  the  overlying  Trenton  Lime- 
stone.  As  this  protecting  limestone  has  a  thickness  of  about 
160  feet  it  also  iurnishes  a  further  ascent,  but  one  that  is  not 
marked  ofi*  by  so  distinct  bench-lines.  Owing  to  the  occur- 
rence of  considerable  shale  and  easily  erosible  beds  at  about 
the  horizon  of  twenty  feet  above  the  St.  Peter  iSandstone^  it 
happens  that  often  over  a  wide  belt  only  these  twenty  feet  of 
the  Trenton  Limestone  are  preserved.  They  form  the  brow 
of  the  hill  that  separates  the  lower  from  the  upper  prairie, 
already  mentioned,  and  have  hitherto  been  more  fully  ex- 
amined than  any  portion  of  the  lienton  within  the  limits  of 
Minnesota.  Hence  fhe  area  of  the  Hi.  Peter  Sandstor^e  is 
actually  reduced,  where  the  bourdaries  of  the  formations  are 
easily  seen,  to  the  narrow  belt  forming  the  slopes  between 
the  upper  aud  lower  prairies.  These  slopes  are  genei-ally 
turf-covered.  The  delineation  ot  the  area  of  the  $Si.  Peter 
is  further  complicated   by  the  action  of  streams.     These 
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oilen  cut  their  channels  through  the  overlying  twenty  feet  of 
Trenton^  and  into  the  St.  Pei^  some  miles  above  theii* 
debouchure  on  the  actual  area  of  the  St,  Peter ;  and  near 
their  entrance  upon  the  area  of  that  sandstone  their  channels 
are  widened  out  enormously,  the  enclosing  bluffs  receding 
rapidly  from  the  immediate  river  banks.  In  addition  to 
these  irregularities  of  outline  there  are  not  infrequently 
detached  areas  within  the  general  limit  of  the  2 reiiton  Lime- 
stone where  the  protecting  beds  of  the  Trenton  are  broken 
down  and  removed  by  some  force  not  now  in  operation, 
forming  in  the  St.  Peter  basin-shaped  depressions  the  bot- 
toms of  which  ar^  on  the  Lower  Magnesian^  the  surrounding 
bluffs  being  made  up  of  the  St,  Peter  Sandstone^  and  the 
high  prairie  stretching  out  in  all  directions  being  underlain 
by  the  Trenton,  Such  arroya  valleys,  which  are  now  with- 
out any  visible  suriace  drainage,  are  sometimes  united  by 
wide  mouths  with  other,  ]arfi:er  valleys  that  present  a  similar 
topography.  Indeed  the  whole  belt  of  country  underlain  by 
the  outrunning  Jrenion  and  the  St.  Peter  Sandatone  is  made 
up  of  a  network  of  little  valleys  many  of  which  coalesce  and 
become  tributaries  to  larger  drainage  valleys,  and  some  of 
which  appear  simply  as  isolated  depressions.  It  b  a  tract 
of  rolling  country  of  great  beauty  of  natural  scenery,  and 
most  perfectly  exemplifies  the  effect  of  geological  causes  on 
the  topography  and  agricultural  character  of  the  State. 

This  belt  of  rolling  land  immediately  dependent  on  the 
underlying  rock  enters  the  State  from  Iowa  in  Houston 
county,  in  a  general  northwesterly  direction.  It  embraces 
the  western  portions  of  Houston  and  Winona,  the  eastern 
portions  of  Fillmore  and  Olmsted,  and  some  poitions  of 
Wabashaw,  Goodhue  and  Dakota  counties.  Further  north- 
west, in  the  counties  of  Ramsey,  Hennepin  and  Anoka,  the 
area  of  the  St.  Peter  Sandstone  is  heavily  covered  by  drift, 
and  its  presence  would  not  be  known  except  for  its  expo- 
sures in  the  Mississippi  bluffs,  and  the  known  limits  of 
adjoining  formations.  From  Dakota  county  the  St.  Peter 
Sandstone  extends  theoretically  south  westward  ly  in  a  bolt 
of  6  to  10  miles  wide,  passing  through  the  central  part  of 
Rice  county,  touching  the  northwest  corners  of  Waseca  and 
Faribault,  and  leaving  the  State  again  in  Maitin  county  in  a 
southwesterly  direction.  On  the  other  side  of  the  granitoid 
axis,  in  the  northwestern  portion  of  the  State,  a  belt  of  this 
aandstone  is  supposed  to  exist,  urd  is  conjecturally  laid  off 
on  the  prelimiuarv  map  accompanying  this  report. 
12 
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(b.)  Liikological  Characters  of  the  3l.  Peter  Sandstone. 

The  outward,  and  also  the  chemical  characters  of  this 
sandstoQCy  in  Minaesobi,  are,  so  far  as  seen,  rem-trkably 
constant  and  simple.  It  is  white,  ^' saccharoidal,"  friable, 
nonfossiliferous,  and  consists  almost  entirely  of  pure  quartz 
sand.  It  contains  not  enough  lime  to  act  as  cement,  and 
hence  can  almost  everywhere  be  excavated  even  with  the 
fingers.  On  exposed  surfaces,  as  along  the  bluff:i  of  the  Mis- 
sissippi, where  dripping  water  passes  over  it,  the  grains 
become  more  firmly  bound  together  by  deposition  of  carbon- 
ate of  lime  and  iron  oxide,  and  its  delicate  whiteness  is  lost. 
Indeed,  wherever  water  in  the  smallest  quantity  is  allowed 
to  trickle  through  it,  a  deposit  of  iron  oxide  is  invariably 
seen,  since  rarely,  if  ever,  is  any  surface  water  found  entirely 
free  from  that  impurity. 

A  number  of  sections  have  been  observed  of  this  forma- 
tion, but  the  characters  seem  to  be  invariable  throughout. 
Its  thickness  is  about  125  feet,  and  it  is  the  immediate  cause 
of  a  great  many  waterfalls.  The  Falls  of  St.  Anthony  are 
caused  by  the  passage  of  the  river  from  the  Trenton  Lime^ 
stone  onto  the  tit.  Peter.  The  latter,  rapidly  worn  away  by 
the  current,  leaves  the  projecting  limestone  to  fall  down  in 
heavy  blocks  as  fast  as  it  becomes  too  feeble  to  support 
further  its  own  weight.  This  protecting  cap  of  limestone 
extends  but  a  few  rods  above  the  present  brink  of  the 
falls,  and  it  was  a  thoughtless  tunneling  underneath,  in  the 
soft  St.  Peter^  that  admitted  the  water  of  the  Mississippi  a 
few  years  since,  above  the  limit  of  the  limestone,  thus  on* 
dangering  the  existence  of  the  falls  themselves.  They 
would  soon  have  been  reduced  to  a  foaming  rapid,  which 
eventually  would  have  entirely  disappeared.  Vigorous 
measures  were  speedily  adopted  by  the  citizens  of  Minne- 
apolis,  tardily  aided  by  the  U.  S.  Government,  to  secure  the 
water  power,  and  by  carefully  shutting  oif  the  water  from 
the  tunnel  and  *<  aproning"  the  waterfall  itself  with  heavy 
timbers  and  planking,  as  well  as  laying  over  the  river  bottom 
above  the  falls  a  thickness  of  gravel  and  clay  to  prevent  a 
further  erosion,  it  is  believed  that  desirable  object  has  been 
effectually  secured.  The  falls  of  Minnenaha  are  also  caused 
by  the  same  conjunction  of  a  drainage  stream  with  the 
boundary  line  separating  the  St.  Peter  from  the  Trenton 
Limestone.  This  unique  and  legendary  little  gem  of  a 
waterfall  has  a  perpendicular  descent  of  52  ft.  10)^  inches 
from  the  brink  of  the  overhanging  limestone  to  the  surface 
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of  still  water  below.  About  twenty  fi7e  feet  of  that  distance 
is  taken  up  with  the  ;SL  Peter  Sandstone.  Numerous  little 
cascades  of  greater  beauty  euter  the  Mississippi  in  the 
vicinity  of  St.  Paul  and  Minneapolis.  As  these  are  pro* 
jected  over  the  limestone  rim  which  borders  the  Mississippi 
bluffs,  they  are  thrown  in  more  or  less  entire  sheets  of  clear 
water  into  the  river  below.  Such  are  known  as  Tlie  Fawn^s 
Leap,  The  Bridal  Veil^  The  Silver  Cascade  and  The  Silver 
Ihread. 

The  singular  pillar  in  Dakota  county,  known  as  Castle 
Rock,  consists  of  the  8t.  Peter  sandstone.  It  stands  on  the 
arch  of  the  local  anticlinal  axis  from  which  the  beds   dip  \ 

gently  both  toward  the  north  and  toward  the  south «  and  is 
an  outlier  from  which  most  of  the  formation  has  been  re- 
moved over  an  area  of  some  miles  about.  Its  form  is  that 
of  a  somewhat  regular  right  prism,  or  parallelopipdon, 
elongated  north  and  south,  supporting  on  its  northern  end  a 
pinnacle  of  bedded  sandstone  about  four  feet  in  diameter  at 
the  base,  which  rises  above  the  general  mass  19  ft.  and  3 
inches.  A  view  from  the  west  shows  of  rock  44  ieet  and 
9  inches,  rising  above  the  general  surface  of  the  sandy 
mound  on  which  it  stands.  Rock  can  be  seen  on  the  east 
side  about  20  feet  lower  than  on  the  west.     A  depression  *  \ 

along  the  east  side  of  the  outlier  is  26  feet  below  the  lowest 
rock  visible.  From  the  bottom  of  this  depression  to  the  top 
of  the  tower  is  70  feet  If  inches.  The  irregularly  ascend* 
ing  base  visible  from  the  west  is  11  It.  6  in*  The  perpen- 
dicular sides  of  the  general  mass  of  the  rock  are  14  ft.,  and 
the  tower  is  19ft.  3  in.  Near  the  base  of  the  tower  is  a 
somewhat  argillaceous  layer,  or  one  less  firmly  cemented,  of  •& 

a  few  inches,  which  weathers  away  faster  than  the  rest,  y 

making  the  diameter  there  considerably  less  than  above.  i. 

Hence  the  tower  has  a  threatening  aspect,  and  the  first  im-  \ 

pression  of  the  beholder  is  the  certainty  that  the  first  severe 
blast  of  wind  will  throw  it  from  its  place.     The  mass  of  the  \ 

whole  is  separated  perpendicularly  by  a  number  of  divisional 
planes  that  also  may  be  seen  entering  the  rock   below  the  \ 

castle.     These  pass  in  a  direction  N.  E.  and  S.  W.  and  have  f 

so  aided  the  attacks  of  the  elements  and  invited  the  ambi- 
tious  but  sacrilegious  carvings  of  visitors  that  a  hole  has 
been  made  through  the  body  of  the  rock.  f 


(c.)  Economical  Value  of  the  St.  Peter  Sandstone. 
The  St.  Peter  furnishes  inexhaustible  quantities  of  the 
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puree!  quartz  sand.  Its  easy  excavation  renders  it  obtain- 
able for  common  mortar  and  for  glass-making.  Its  expo- 
sures along  the  Mississippi  bluffs  at  and  below  St.  Paul  in- 
vite its  use  in  the  manufacture  of  flint  glass  of  which  it  is 
known  to  make  a  very  superior  article.  At  Minneapolis  the 
close  proximity  of  waste  fuel  from  the  lumber  mills,  ample 
water-power  and  favorable  exposures  of  this  formation  ought 
long  ago  to  have  been  improved  in  the  establishment  of  a 
glass  manufactory.  At  the  present  time  Minnesota  furnishes 
from  the  Potsdam  sandstone  a  sand  believed  to  be  inferior  to 
that  from  the  St.  Peter ^  which,  taken  to  a  neighboring  state, 
supplies  the  glass  that  returns  to  her  citizens  encumbered 
with  a  double  freightage.  This  process  ought  to  be  arrested 
by  the  utilization  within  our  own  territory  of  this  vast  re- 
source, peculiar  largely  to  Minnesota.  At  present  this  sand- 
stone is  not  known  to  be  used  for  any  purpose  within  the 
State  except  for  mortar  for  the  local  markets  and  as  an  en- 
graving hoard  for  idle  boys.  Sometimes  beer  vaults  are 
made  in  it  along  the  river  bluifs,  and  sewers  for  tlie  drain- 
age (if  the  cities  of  St.  Paul  and  Minneapolis  are  excavated 
through  it,  the  overlying  limestone  affording  a  secure  root. 

5.      THE   TRENTON   LIMESTONE. 


(a.)     Preliminary  Vonsiderations. 

This  term  is  here  applied  to  that  series  of  limestones 
and  shales  that  fill  up  the  interval  between  the  well  marked 
horizons  of  the  top  of  the  iSt,  Peter  /Sandstone^  and  the 
bottom  of  the  O  Una  Limestone,  It  is  quite  likely  that 
when  this  series  of  beds  is  fully  examined  differences  may  be 
ascertained  warranting  its  separation  under  two  or  more 
names,  but  at  the  present  time  the  characters  of  its  whole 
thickness,  which  amounts  to  nearly  160  feet,  aro  so  little 
known  that  it  has  not  been  possible  to  establish  any  con- 
stant paleontogical  or  lithological  horizons.  Dr.  Owen,  in 
his  final  report  on  Wisconsin,  Iowa  and  Minnesota,  men- 
tions only  the  lowest  34  feet  of  these  limestones,  owing  to 
the  more  frequent  exposure,  as  has  been  mentioned  already, 
of  that  portion  of  the  Trenton.  Those  34  feet  Dr.  B.  JF. 
Shumard  separates  into  the  following  parts : 

1.  Upper,  or  St.  Peter  sheH  limestone,  F.  8.  c 6  feet. 

2.  Non-Fo88llirerou8  bed,  F.  8.  b 5  feet. 

8.  Lower  sheU  limestone,  F.  8.  a. 28  feet. 
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The  geologists  of  Wisconsin  have  described  these  lime* 
stones  under  the  terms  **Buff  Limestone''  and  <*Blue  Lime- 
stone/' the  former  lying  below  the  latter,  following  the  pre- 
liminary sub-division  of  Dr.  Owen,  published  in  a  report  of 
progress  in  1840.  They  there  have  a  thickness  of  70  to  90 
ieet.*  These  distinctions  have  not  yet  been  observed  in 
Minnesota,  and  the  aggregate  thickness  of  the  beds  is  con- 
siderably greater.  The  early  geologists  of  Iowa  gave  the 
term  Trenton  Limestone  to  all  the  layers  between  the 
St.  Peter  and  the  Galena ^  and  assign  them  an  aggregate 
thickness  of  100  feet.f  Dr.  C.  A.  White,  also,  of  the  re- 
cent Geological  Survey  of  Iowa,  embraces  these  shales  and  ^  ] 
limestones  under  the  single  term  Trenton  Limestone^  but 
ascertains  their  thickness  to  be  about  200  feet.^  Mr. 
Worthen,  in  Illinois,  embraces  the  Galena,  the  JJlue  and 
the  Bvf  limestones  under  the  term  of  IretUon  Group^ 
giving  the  latter  two  a  united  thickness  of  70  to  105  feet,  the 
Galena  overlying,  having  a  thickness  of  250  to  300  feet.§ 

(b.)  Area  of  the  Trenton  Limestone. 

The  Trenton  occupies  a  belt  of  country  lying  just  within 
that  of  the  JSt.  Peter,  in  the  southern  part  of  the  State,  and  V. 

conjecturally  an  area  in  the  north-western  part  of  the  State.  ! 

The  former  maybe  described  with  considerable  exactness. 
By  reference  to  the  description  of  the  area  of  the  tit.  Peter 
it  will  be  seen  that  the  line  separating  these  two  formations 
is  very  crooked,  especially  in  the  southeastern  portion 
of  the  State,  where  the  drift  is  light.  The  causes  that  ope- 
rated to  give  this  line  such  a  winding  direction,  up  and 
down  hundreds  of  little  valleys,  seem  to  have  pertained 
largely  to  pre-glacial    time,    and  to  have  continued  also  j 

into,  and  near  the  close  of,  the  ice  period,— or  to  have  re-  \ 

curred,  after  a  suspension,  during  tho  ice  period  with  all 
their  former  activity.    They  seem  to  have  been  closely  con-  j 

nected,  perhaps  identical,  with  those  that  exempted  this  re-  \ 

gion  from  the  heavy  covering  of  drift  that  prevails  further  |^ 

west  and  north.    At  least,  it  is  plain  that  the  absence  of  the  f 

drift  has  allowed  the  freer  action  of  the  elements  that  slowly, 
but  effectually  disintegrate  and  remove  rocky  structures,  caus- 
ing those  which  are  most  enduring  to  stand  out  most  prom«         ^  | 

^Geological  Snryey  of  Wisconsin,  1861,  vol.  I.  .i* 

tOeology  of  Iowa,  1858,  vol.  I.  Part  I.  ; 
{Geology  of  Iowa,  1870,  vol.  I. 

{Geological  Survey  orDllaols,  vol.  I.  ^ 
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MUmeapolis.  The  stoue  in  this  case  has  au  attractive  ex- 
terior on  being  dressed  under  the  hammer,  the  variegations 
due  to  the  alternating  shaly  and  limy  parts  giving  the  face  a 
clouded  appearance,  as  of  gray  marble,  without  being  sus- 
ceptible of  a  uniform  polish.  Where  protected  from  the 
weather  the  shale  will  endure,  and  act  as  a  strong  filling  for 
the  framework  of  calcareous  matter  for  a  long  time ;  but  un- 
der the  vicissitudes  of  moisture  and  dryness  and  of  freezing 
and  thawing,  it  begins  to  cruoible  out  in  a  few  years.  In 
other  places  the  calcareous  layers,  even  on  the  mme  horizon 
as  at  Minneapolis  and  St.  Paul,  are  very  much  thicker  and 
aflord  strong  unyielding  material  for  building.  In  this  last 
isase  the  calcareous  layers  are  more  strongly  crystalline,  but 
not  vesicular.  Many  of  them,  especially  when  associated 
with  considerable  bliale,  are  nearly  made  up  of  fragments  of 
fossils  visible  to  the  unaided  eye,  and  doubtless  the  shale 
beds  are  also  calcareous  as  well  as  sedimentary.  The  texture 
of  the  stone  is  close ;  yet  some  portions  near  the  base,  thought 
to  be  the  beds  denominated  by  Dr.  Shumard  **Upper  Shell 
Limestone",  are  often  visicular  and  of  a  light  color.  The 
natural  color  of  the  stone,  on  deep  quarrying,  is  blue,  but  it 
is  often  faded  to  an  ashen  drab  to  the  depth  of  several  feet, 
-depending  on  the  ease  with  which  water  and  air  find  ac- 
cess within.  The  porous  layers  are  apt  to  be  most  faded. 
The  long  weathered  surface  is  of  a  light  buff  color,  or  if  iron 
be  present  in  dripping  water,  or  contained  in  the  stone  as 
pyrites  so  situated  as  to  be  oxydized,  the  color  is  sensibly 
<ieepened  to  a  rusty  yellow. 

The  effect  of  this  formation  on  the  topography  of  several 
counties  in  the  southeastern  portion  of  the  State  has  been 
iilluded  to  in  connection  with  the  same  subject  in  treating  of 
the  Si.  Feier  Sandstone.  Owing  to  the  frequency  of  shaly 
interlaminations  its  outline,  where  the  drift  is  light,  is  not 
so  well  defined  in  terraces  as  that  of  the  overlying  Galena. 
Its  line  of  junction  with  the  Si.  Peter  Sandstone  is,  indeed, 
veiy  evident  even  in  all  its  tortuosities,  but  its  junction  with 
the  Galena  is  generally  hid  by  a  sloping,  turf-covered  talus  of 
debris^  and  it  is  only  at  favorable  places  in  the  bluffs  along 
the  streams  that  a  knowledge  of  that  horizon  can  be  obtained. 
The  whole  formation  weathers  away  so  evenly  that  where  its 
effect  on  the  topography  is  not  brought  out  by  drainage  ero- 
sion or  by  the  Galena  Limestone  or  the  St.  Feter  Sandslonef 
it  produces  nothing  more  than  a  gentle  swell  or  evenly  roun- 
<]ed  ridge,  exposing  none  of  the  beds. 

Sections  have  been  observed  coveting  all  the  beds  of  the 
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Trenton,  The  best  sectioa  of  the  Lower  and  Upper  Shell 
beds,  of  Dr.  Shumard,  is  that  taken  at  the  Falls  of  MinnelKihay 
although  the  same  beds  are  seen  well  exposed  at  miny  places 
between  St.  Anthony's  Falls  and  St.  Paul. 

Section  at  the  Falls  of  Minnehaha  Hennepin  Gounttj. 

In  descending  order. 

No.  1. — Beds  6toU  inches,  very  fossUiferoas  and  sometimes 
vesicular.  Contains  Leptaena  deltoidea  in  abundance,  and 
Strophomena  altemata  ( f)t  also  a  CypricardUes.  This  is  an 
important  and  marked  horizon  to  which  other  sections 
may  be  referred.  It  forms  the  brink  of  the  falls,  but  Its 
best  exposure  is  in  a  bluff  a  few  rods  below.    Seen  .......  9  ft. 

No.  2.— Argillaceous  limestone  of  a  greenish  color,  weathering 
out  conchoidally ; 2  ft. 

No.  8.— Arenaceous  shale,  weathering  flue 2  ft. 

No.  4. — ^Blue  flagging,  with  considerable  green  shale.  The 
principal  building  stone  of  Minneapolis  and  St.  Paul  is 
from  this  member.  Great  portions  of  this  are  made  up 
solely  of  comminuted  fossil  remains  showing  crlnoidal 
joints.    It  is  of  sedimentary  rather  than  of  chemical  origin  13  ft.  G  In. 

No.  5.—Green  shale,  about  midway  containing  oue  layer  of 

about  two  inches  of  limestone 8  ft.  8  in. 

No.  6. — St*  Peter  Sandstone,  somewhat  argillaceous,  and  of  a 

greenish  blue  color 2  ft. 

No.  7. — St,  Peter  Sandstone,  superficially  stained  and  hardened 

by  lime  and  iron • 25  ft. 

Total.. 67  11.  2  in. 

Total  of  the  Trenton 8011.  2  in. 

Section  near  the  Falls  of  St.  Anthony ^  Hennepin  County. 

A  quarter  of  a  mile  below  the  University.     In  descend- 
ing order. 


No.  1.— Limestone,  mostly  of  a  close  grain,  and  bright  blue  color, 
showing  many  fossils,  principally  of  LeptaenadeUoidea,  but  also 
containing  cephalopods  and  gasteropoda.  The  fossil  remains 
are  usually  not  fragmentary.  They  are  apt  to  lie  in  sheets, 
making  dark  streaks  horizontally  separating  the  bedding. 
Under  the  weather  this  stone  falls  out  in  chips  i  to  2  inches 
thick  and  4  to  8  inches  across,  which  ring  under  a  blow  from 
the  hammer.  The  surflsice  weathers  a  rusty  buff,  the  stone  Itself 
becoming  a  gray  drab 

No.  2. — Blue  shale,  crumbling  out,  the  upper  four  feet  somewhat 
bedded,  the  rest  below  massive,  the  whole  occasionally  showing 
patches  or  short  sheets  of  firagments  of  brachiopods,  &c., 
making  the  rock  more  calcareous  and  enduring.  • • 

No.  8.— Blue  flagging,  quarried  here  and  placed  in  the  west  wing  of 
the  University  building.  This  stone  is  rather  too  argillaceous 
to  be  a  reliable  buUding  material,  yet  is  extensively  used.  Some 
parts  of  it  are  firee  Arom  shale.  Such  beds  fbrnish  a  firm  and 
very  enduring  stone 
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17o.  4. — Bloe  phale,  parting  conchofdally  aoder  the  weather,  seen.    2  ft. 
[No.  6. — St.  Peter  Sandstone,  to  the  water  level  88  ft.] 

Total  ofthe  Trenton 87  ft. 

The  total  hight  from  the  water's  edge,  at  this  quarry,  to 
the  summit  of  tlie  drift  bluff  on  which  the  Uuiversity  stands, 
measured  by  Locke's  level,  is  137  feet. 

There  is  no  visible  dip  here  iu  the  bedding,  but  at  the  Falls 
of  St.  Anthony  the  dip  is  two  or  three  degrees  to  the  south- 
east. 

At  the  point  where  the  foregoing  section  was  taken  the  8t 
Peter  Sandstone  is  tunneled  artificially  to  the  depth  of  nearly 
200  feet,  the  excavation  being  ten  or  twelve  feet  in  diameter, 
rudely  dug  out  and  arched.    It  was  intended  for  a  beer- vault. 


Section  at  St.  Charles^  in  Winona  County. 

At  a  quarry  near  St.  Charles,  half  a  mile  south  of  the  city, 
the  lower  portiou  of  the  Trenton  appears  as  follows,  in  de- 
scending order : 

No.  1. — Hard,  crystalline,  calcareous  layers,  ringing  under  the  ham- 
mer, of  a  light  drab  color,  without  shale,  fu«8iliferous 15  ft. 

No.  2. — Bluish  green  shale,  about 10  ft. 

[No.  3. — St,  Peter  Sandstone,  seen  6  feet.] 

Total  Trenton 25  ft. 

At  this  place  the  dip  is  two  or  three  degrees  S.  W.  St. 
Charles  sit:^  on  the  top  of  the  Lower  Maynesian  Limestone^ 
which  is  seen  in  a  quarry  a  litile  N.  E.  of  the  city,  and  is 
nearly  surrounded  bj'  bluffs  formed  by  the  tbt.  Ptter  Sand- 
stone^  capped  with  the  lower  portion  of  the  2'renton.  This 
exposure  of  the  Lower  Magnesian  is  along  a  little  creek,  the 
amouut  of  bedding  seen  being  about  16  feet. 

Sections  at  liochester^  in  Olmsted  County, 

At  the  ♦^old  Plarmon  quarry,"  from  which  the  flouring- 
mill  and  the  foundations  tor  the  new  public  school-house 
were  built,  the  lower  portion  of  the  2reiUon  appears  as  fol- 
lows, in  d<fscending  order : 

Ko.  l.—Greed  shale,  seen 4  ft. 

[This  Is  said  by  Mr.  Uurlbut  to  be  about  14  feet  thlclc 
where  It  Is  uU  preserved.] 
Ko.  2. — Hard,  britlle  limestone,  In  two  beds,  separated  by 
about  two  inches  of  green  shale.     This  Is  much  lihc  Ko. 
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as  disclosed  further  down  the  river,  a  heavy  l)ed  of  green 
«bale,  which  overlie^,  near  the  water's  edge,  the  limestoue 
layers  of  the  foregoing  sections  at  Koche^iter,  42  feet. 
Tolal  of  beds  supposed  to  be  of  the  Trenton^  12<iJ  feet. 
Combiuing  this  sectiou  Svith  the  observed  thickness  at 
Houhester,  omitting  the  overfying  shale  bed  (here  embraced 
in  a  talus)  the  observed  thickness  ot  rocks  of  Trenton  age 
4imouuts  15G^  feet,  against  the  34  feet  observed  by  Dr. 
Owen. 

Sections  at  Mantorville^  in  Dodge  County. 

The  Mantorville  quarries  show  the  horizon  of  the  junction 
of  the  'Irenton  with  overlying  Galena.  The  sumo  horizon 
is  better  exposed  at  Pettit's  Mill,  one  and  a  half  miles  l)elow 
Mantorville,  on  sec.  22,  T.  107,  li.  Iti,  along  the  middle 
branch  of  the  Zumbro  Kiver.  These  sections  are  as  follows, 
Ist.  that  of  th  quarry  of  Mr.  Charles  Ginsberg,  in  descend- 
ing order: 

No.  1.— [Loose  fragments.  5  ft.] 

Mo.  2.— Heavy  buds  uf  vehicular,  magncslan  buff  limestone  S  ft. 

'So.  3.— Thiu  beds  of  llie  same,  wlili  u  little  shale 4  ft. 

Ko.  4. — llfttvy,  buff,  maguesiau  beds 7  ft. 

Mo,  h  — Tldu,  blue  argillo-maguesian  beds 10  it. 

Mo.  6. — hveu-bidded  mauneisiau  limestone,  the  bedding  of 

which  weathers  out  from  tvvo  to  six  Inches,  (puorly  seeu)  5  ft. 

Total  seen • 34  ft. 

At  this  quarry  the  buff  or  cream  colored  stone  shows  a 
iight  blue  color  in  deep  quarrying. 

2d.  The  quarry  ot  Mr.  Samuel  Wilson,  located  near  Mr. 
Ginsberg's,  includes  more  of  the  Galena. 

Ko.  1.— [Loose  firagraents  4  ft.] 

Ko.  2.— Jied»  from  »ix  to  twenty  Inches  each,  of  voRlcular, 
magueftiau  limesiuue,  aimost  free  Irom  iron,  aue  for  a 
*'  quarry  stone" 30  ft.  10  in. 

Ko. 8 —Thin,  slaty,  argillo—mugQesian  beds I  ft.    6  in. 

Mo.  4.— Good,  heavy  beds  of  maguesian  limestone,  same  as 

Mo.  1 11  n.    Gin. 

Mo.  6. — Shaiy  and  thinner  beds,  seeu u  ft. 

[MoiK.— Where  liiese  beds  are  weathered  out,  a  white 
depubii  ib  accumulated  on  the  siope  below,  having  mucti 
the  taste  oi  iime,  >et  may  cousisi  of  uiumiua  and  iime. 
On  the  face  of  the  ruciiM  tiie  coating  is  bitter  and  sour, 
tasting  somewhat  iilie  Ep^om  saii.J 

Ko.  C. — Heavy  magnesian  ia>ers,  of  a  ouff  color,  with  con- 
siderable shall',  same  as  No*s.  3,  4  and  6,  of  (iiu^berg's 
(|uarry,  but  poorly  seeu,  about 20  ft. 

TotalsccQ CSft.  10  in. 
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Section  at  PettiCs  Mill,  Sec.  22,  T.  107,  li.  16,  JDodge  Go. 

No.  1.— Slope  f^om  the  sammit  of  the  bluff  (hid)  estimated..  40  ft. 

No.  2.— Magnesian  layers,  buff,  much  shattered 4  ft.    6  In^ 

No.  8.— Shale 2ft.    Gin- 
No.  4.— Good  layers  of  vesicular,  buff  a^aguesfan  stone,  with 

some  argillaceous  patches 11  ft. 

No.  5. — ArgiUo-magDesian  limestone,  weathering  into  rather 

thin  beds 8  ft. 

No.  6.— Vesicular,  buff,  magnesian  limestone.  In  one  bed .  • . .  10  in . 

No.  7.— Shale  and  shaly  limestone 2  ft.    2  in. 

No.  8.— Beds  of  argillaceous  limestone,  each  of 'about  eight 

inches,  separated  by  shale,  beds  each  of  about  two  inches     S  ft.    2  io. 
[Note.— In  No.  8  is  found  the  coral  HectftatuliUir^ 

No.  9.— Shale 4  ln» 

No.  10.— Vesicular  limestone,  argillo-magnesian.  In  one  bed  9  in. 

No.  11.— Shaly  and  calcareous  beds  (thin) 8  In. 

No.  12.— Crystalline  beds  of  a  gray  color,  weathering  buff, 

one  bed 1  ft.    Tin. 

No.  13.— Shale  and  shaly  limestone 1  ft.    4  in. 

No.  14.— Shale 8  in. 

No.  15. — Argillo-magnesian  limestone,  some  parts  crystalline 

and  calcareous  only,  in  three  beds eft.    4  In. 

No.  16.— Shale 4  in. 

No.  17.— Argillo-magnesian,  one  bed 10  in. 

No.  18.— Shale 1  ft.    2  in. 

No.  19. — Hard  crystalline  limestone,  of  a  gray  color,  with 

some  cavities  and  specimens  of  Htce^tacuXiitz 2  ft.    2  In. 

No.  20.— Shale 6  in. 

No.  21. — Argillo-magnesian,  one  bed,  showing  Chetetes  and 

fucoids  of  the  7Ve;i£on 1ft.    6  in. 

No.  22.— An  Interval  (not  well  seen)  of  beds  of  greenish  blue 

shale  and  argillaceous  limestone,  each  varying  from  eight 

to  12  inches,  showing  abundant  fossils  of  the  Trenton...  1$  ft. 
No.  28.— Blue,  earthy  limestone  (under  water)  seen 6  In. 

Total 108  11.  10  in. 

It  is  impossible,  without  more  examination,  to  fix  certain- 
ly the  equivalency  of  any  portion  of  this  section  with  those 
at  Mantorville,  but  Nos.  2  to  4  here  are  probably  included  in 
No.  6  at  Wilson's  Quarry.  This  section  shows  the  transi- 
tion from  the  Trenton  to  the  Galena  to  have  been  gradual 
in  Southern  Minnesota,  the  occurrence  of  the  buff  and  Mag- 
nesian layers  marking  those  changes  favorable  for  the  depo- 
sition of  Galena  Limestone  which  preceded  the  lull  intro- 
duction of  that  epoch. 

The  foregoing  sections  of  the  Trenton  Limestone  with  its^ 
associated  shales  arc  thought  to  cover  the  whole  formation, 
which  probably  reaches  the  thickness  of  160  feet  in  th& 
southern  portion  of  the  State,  where,  only,  its  full  develop- 
ment is  preserved. 

(d.)     Fossils  of  the  Trenton  Limestone. 
It  is  not  intended  to  attempt  here,  nor  would  it  bo  possible 
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iit  the  present  time,  to  give  a  complete  list  of  the  numerous 
and  interesting  fossils  supplied  by  the  Trenton  Limestone. 
Full  collections  have  not  yet  been  made«  but  enough  has 
been  done  to  illustrate  the  commonest  of  the  animal  remains 
met  with  in  this  formation,  and  to  show  how  essential  to  the 
geologist  a  knowledge  of  the  fossils  of  any  rock  is,  before 
he  can  pronounce  on  its  age.  Perhaps  the  most  common 
fossil  seen  about  outcrops  of  the  Trenton  in  Minnesota  is  a 
ramose  form  of  the  little  coral  Chetetes^  probably  of  the 
species  Lycoperdon.  It  seems  to  pertain  specially  to  the 
beds  of  shale,  but  is  not  absent  from  the  other  beds.  On  the 
weathering  away  of  the  rock,  the  fragments  fall  out,  and 
may  be  picked  up  along  the  foot  of  many  of  the  outcrops  of 
this  limestone.  Besides  this  coral,  Leptaena  deltoidea^  a 
small  brachiopod,  is  frequently  seen.  There  are  also  differ- 
ent species  of  Orthis^  ot  Strophomena  and  of  Tellinomya^ 
and  a  species  of  Lepcrtiiia.  Of  gasteropods,  species  of  Mar* 
chisonia  and  Pleurotomaria  are  the  most  common.  Trilobites 
of  the  genera  hotelus^  lllenus^  Phacopa  and  Lichas^  and 
also  doubtfully  of  Uahpnene,  have  been  found  within  the 
State.  Of  cephalopoda  there  are  a  great  many  species,  as 
well  as  a  great  number  of  individuals.  In  some  cases  the 
rock  seems  entirely  made  up  of  the  remains  of  cephalopods. 
Some  are  very  largo,  measuring  nearly  a  foot  in  diameter, 
and  some  are  very  small.  Orthoceras  junceum  is  perhaps 
the  most  common  cephalopod,  being  at  the  same  time  one  of 
the  largest. 

(e.)     Uses  of  the  Trenton  Limestone. 

The  frequency  of  the  shale  beds,  and  sometimes  the  intim- 
ate dissemination  of  shale  through  the  calcareous  layers  with- 
out showing  regular  lamination,  render  the  most  of  this  for- 
mation of  little  use  for  a  building  material.  The  flags,  how- 
ever, near  the  base  of  the  formation  (F.  3.  A»  of  B.  F. 
Shumard)*  serve  in  many  places  as  a  very  useful  stone  for 
building  purposes.  The  color  is  gray  or  bluish,  with  mott- 
lings  of  lighter  color.  These  beds  are  extensively  wrought 
at  St.  Paul  and  Minneapolis,  as  well  as  at  nearly  all  avail- 
able points  in  the  State  where  a  local  demand  exists.  The 
•<}uarries  at  Minneapolis  in  these  beds  are  owned  by  Michael 

*In  Dr.  Owea's  final  report  the  engraved  sections  of  B.  F.  Shamard  em- 
brace F. 3.  a.  b.  and  c,  aU  in  the  rock  eeen  at  St.  Anthony;  but  Dr.  O.  in 
his  table  of  genera  and  their  distrlbntloa  places  F.  8.  b.,  in  the  '*lead 
bearing  beds  of  the  Upper  Magnesian",  and  F.  8.  c,  in  the  <*coralllne  and 
JPentameras  beds"  of  the  same. 
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Mullen,  John  Reulstertz,  Henry  Wocks  and  Mr.  Evison^ 
They  are  situated  on  the  west  side  of  the  river,  in  Iho  hhiffd^ 
about  a  quarter  of  a  mile  below  the  Falls  of  St.  Anthony. 
Other  quarries  are  opened  on  Nicollet  Island. 

It  is  observable  that  further  to  the  south,  as  at  Faribault, 
Rochester  and  St.  Charles,  these  beds,  although  on  the  same- 
horizon  as  those  so  extensively  used  at  St.  Paul  and  Minne- 
apolis, are  much  freer  from  argillaceous  matter,  while  at  the 
same  time  the  thickness  of  the  distinct  shale  beds  (as  No.  2 
in  the  section  at  St.  Chirles,  and  No.  1  of  the  section  at 
Rochester,  on  Mr.  O.  P.  Whitcomb's  land)  becomes  much 
greater.  There  seems  to  have  been  a  more  di^tuibed  condi- 
tion of  the  oceanic  waters  in  the  central  than  in  the  southern 
portion  of  the  State  during  the  deposition  of  this  fligging 
(F.  3,  a.  Sbumaid),  mingling  the  coarser,  more  foreign 
materials  of  the  shale  intimately  with  the  calcareous  accu- 
mulations, and  to  that  extent  lessening  the  supply  for  the 
shaly  beds  proper.  By  reference  to  the  foregoing  sections 
it  will  be  seen  that  at  the  Falls  of  Minnehaha  the  alterna- 
tions of  these  lithological  and  chemical  characters  in  the 
lower  Trenton  occur  about  as  represented  in  tbe  following^ 
view,  No.  4  being  that  from  which  the  building  stono  is 
taken. 


1 

2 
8 
4 
5 
6 

Shale,  (not  seen.) 
CalcftreoQS 

Ofeet. 

Shale 

4  feet. 

Shaly  limestone 

18  feet. 

Shale 

4  feet. 

St.  Peter  Sandstone. 

At  Rochester  the  same  horizon  shows  the  following  alter- 
nations, number  four  being  the  principal  quarry-stone. 


Shale 14  feel 

CaleareoQS,  (wanting.) 

Shaly 2  feet. 

Pnre  limestone 17  feet. 

Shale 10  feet. 

St.  Peter  Sandstone. 


In  the  former  case  we  find  about  eight  feet  of  shale  and 
thirteen  feet  of  shaly  limestone,  with  nine  feet  of  a  vesicular 
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(magnesian?)  limestono.  In  the  lattor  case  we  find  about 
twenty  five  feet  of  .^h.ile  in  considerable  and  di:<tinct  beds, 
and  Biivcntecu  feet  of  pure  limestone,  the  upper  calcareous 
(and  niagnesian?)  member  being  apparently  wanting. 

The  quicklime  made  from  the  Trenton  Limestone^  is 
easily  slacked ,  and  wilh  a  rapid  evolution  of  heat.  It  also 
sets  wilh  greater  rapidity  than  that  made  from  the  Lower 
Magnesian,  It  requires  an  intenser  heat  to  drive  off  the 
carbonic  acid  from  the  lime  of  the  Yr^n^on  than  it  does  from 
the  lime  and  magnesia  of  the  Lower  Magnesian.  Hence 
more  fuel  is  consumed.  In  the  use  of  the  lime  however,  a 
smaller  insoluble  sediment  will  result  from  the  slacking  of 
that  made  from  the  Trenton^  when  free  from  shale,  than 
from  that  made  iiom  the  Lower  Magnesian  when  equally 
pure. 

At  Faribault,  in  Rice  county,  the  principal  quarries  that 
furnish  stone  (and  also  marble)  are  those  of  Mdan  N.  Pond 
and  Mr.  Cromer,  situated  one  and  a  half  miles  east  of  the 
city,  in  bluffs  at  some  distance  from  the  river.  Quarries 
are  also  owned  near  the  city,  in  the  river  blutfs,  by  Wm. 
Lfcc  and  Mr.  Donahue  and  by  others.  The  stone  here  is  all 
from  the  same  stratigraphical  horiz  m  as  the  quarries  at  Mia- 
neupolis,  but  is  much  less  shaly,  some  layers  being  18  to  20 
inches  thick  alter  being  dressed.  The  stone  used  in  the 
A^ylum  for  the  Deaf  and  Dumb,  at  Faribault,  was  taken 
from  Pond  and  Cromer's  qmirries.  But  in  the  construction 
of  this  handsome  edifice  the  common  mistake  is  made  of 
placing  some  of  the  stone  on  edge.  This  is  the  case  all 
round  the  buildinci:  near  the  basement.  The  first  stone  be- 
low  the  water  table  has  a  thickness  of  six  or  eight  inches, 
and  a  width  of  three  feet,  and  stands  on  edge.  This  is 
backed  up  probably  with  smaller,  poor  stone  in  irregular 
courses  with..ut  cross-bindings.  The  faced  stone  is  placed 
hence  in  its  weakest  position  in  the  wall,  and  in  one  in 
which  it  is  most  susceptible  to  the  attacks  of  the  weather, 
and  the  wall  itself  is  weakened  by  being  split  into  two 
separate  walls.  This  is  a  common  oversight  on  the  part  of 
stone  masons^  some  of  the  largest  and  costliest  buildings  in 
tit.  Paul  and  Minneapolis,  including  the  University  at  St. 
Anthony,  exhibiting  the  same  short-sighted  economy  in  their 
architecture.  It  should  be  an  invariable  rule  never  to  lay  a 
stone  in  an  important  wall  so  that  the  layers  of  sedimenta- 
tion are  perpendicular  instead  of  horizontal.  The  more 
nearly  a  stone  can  lie  in  a  wall  as  it  lay  in  the  natural  rock, 
the  firmer  is  the  wall. 
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irch  flnd  chapel  nnd  tho  school  building 
u  society  at  Funbault,  as  well  as  tbe 
i  of  tbo  city,  and  eomo  large  business 
ilh  this  limestone. 

arbie"  is  a.  bed  in  the  same  quarries, 
on  liuitditig  stone  layci-s,  and  buving  a 
iig  less  thun  a  foot.  It  is  susceptible  of 
i  a  gray  color.     It   is  made  into  table 

which  ehow  various  markings  and  mott* 
ontnined  fossils  and  the  various  lithology 


?aE   QALBKA  LIMESTONE. 

(a.)  Ms  Aiea. 

on  of  the  Galena  with  the  Tfenlon  ia 
111  the  southeastern  portion  of  tho  State 

of  Fillmore  und  Olmsted,  but  its  junc- 
fiela  abates  has  not  yet  been  observed  at 
ICO  tho  width  of  the  Galena  belt  is  un- 
lues  not  prubabiy  exceed  ten  miles.  In 
Ttiou  of  Goodhue  county  the  Galena  is 

west,  and  finally  in  Rice  and  H'useca 
3  southwest,  passing  through  Faribault 
e  in  Marlin. 

Us  Lilhological  Characters. 

IB  included  by  Dr.  Owen  in  his  desig- 
[agnesian  Limestone,"  that  term  also 
a  Limestone  which  is  separated  fromihe 
>ss,  unubsorvcd  by  Dr.  Owen,  of  about 
amed  by  Dr.  O.  A.  White  of  Iowa  the 
It  was,  however,  distinguished  by  Dr. 
cial  designation  of  ■' Lcad-bearinz  Beds 
icsiau."  Litbologically  it  has  a  great 
igara.  Its  usual  color  is  buff,  although 
uarrying  it  also  shows  that  its  normal 
or  limestones,  is  blue.  Its  composition, 
oer  Magjiesian,  is  dolomitic,  comprising 
il  carbonate  of  magnesia.  Its  texture  is 
wilb  minute  cavities.  It  also  exhibits 
;hcs,  with  a  rough  and  forbiddiugai^pect. 
]   not  common,  tho  sodimontatiou  hav- 
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ing  been  generally  so  undisturbed  by  chemical  or  mechanical 
agencies  that  the  layers  are  yet  well  preserved.  The  grain 
is  crystalline,  and  sometimes  granular.  Minute  crystals  of 
brown  spar  often  line  the  cavities.  It  also  sometimes  em- 
braces iron  pyrites  which,  weathering  out,  stains  the  face  of 
the  rock  with  a  rust  ot  iron.  It  probably  also  embraces  galena 
in  some  parts  of  its  area  in  Minnesota,  although  the  mineral 
has  not  actually  been  found  contained  in  the  rock.  Pieces. 
of  considerable  size  are  found  by  the  farmers  in  Olmsted 
county  in  plowing  near  the  bluffs  of  tin's  formation,  which 
have  apparently  fallen  down  on  being  loosened  by  the 
weather,  the  drift  there  being  comparatively  light.  The 
lower  beds  of  the  Galena  are  inierst  rati  tied  with  the  Trenton. 
This  may  be  seen  by  comparing  the  sections  covering  that 
horizon  at  Mantorvillo  and  at  Pettit's  Mill.  (See  pages  99 
and  100.)  A  thickness  of  about  20  feet  is  taken  up  by  al- 
ternating shale  and  limestone,  the  hitter  gradually  losing  its 
distinctly  dolomitic  characters  and  passing  into  the  grayish 
and  blue  compacter  beds  of  the  Trenton, 

In  the  southeastern  portion  of  the  State,  where  the  Galena^ 
owing  to  the  thinntss  of  the  drift  deposit,  is  seen  in  the 
bluffs  and  terraces  with  which  the  face  of  the  country  is  di- 
versified, Ms  irregular  outline  is  easily  traceable  for  many 
miles.  It  forms  the  summit  of  a  distinct  terrace  of  which 
the  underlying  Trenton  shales  and  limestones  constitute  the 
foundation,  and  from  the  top  of  which  the  overlying  Maquo- 
^v^a «AaZe«  seem  to  have  been  denuded.  It  thus  shows  its 
more  persistent  character  more  distinctly  than  if  it  lay 
between  formations  of  equal  hardness.  Its  thickness  is  es- 
tioaated  at  180  feet. 

The  lithological  character  of  the  Galena  is  also  frequently 
evident  in  the  form  of  precipitous  escarpments,  and  promi- 
nent, often  detached,  crags  along  the  valleys  of  streams, 
where  their  channels  are  deeply  cut.  The  point  lying  be- 
tween two  valleys  which  unite  is  sometimes  wrought  by  the 
combined  action  of  water  and  air  into  picturesque  or  fantas- 
tic shapes,  the  beauty  and  grotesqueness  of  which  is  hight- 
ened  by  the  seclusion  ol  the  place.  These  unevenly  weath- 
ered surfaces  are  due  to  variations  in  the  hardness  and  dur- 
ability of  the  texture  of  the  Galena. 

Some  of  the  observed  sections  in  the  lower  portions  of  the 
Oalena  have  already  been  given  under  the  head  of  the 
7renton  Limestone.  Those  at  Mantorvillo  and  Pettit's  Mill 
expose  upward  of  40  feet  of  this  formation,  and  need  not  be 
repeated  here.  The  beds  exposed  in  Mr.  Thomas  Garrick's 
14 
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quarry,  on  Sec.  18,  in  Rochester,  Olmsted  county,  show 
about  25  ieet  of  a  very  uniform  and  evenly  bedded  stone, 
of  a  buff  or  light  cream-color,  and  crystalline,  often  granular 
texture,  in  which  are  many  cavities  from  which  the  fossils 
have  been  ahsoibed,  besides  often  a  miuutelv  vesicular  and 
open  structure. 

(c.)  Fossils  of  the  Galena  Limestone. 

Wherever  the  Galena  has  been  examined  in  Minnesota, 
the  most  strikinof,  and  peihaps  the  commonest  fossil  is  the 
sunflower  coral,  lieceptaciiWes.  Examination  snfliciently  de- 
tailid  has  not  yet  been  made  to  establish  the  species  to 
which  specimens  collected  may  belong.  Theio  can  bo  but 
little  doubt,  however,  that  the  usual  species  at  Dubuque 
(  OweniJIull)  is  also  the  most  common  in  southern  iMinnesota. 
Orlhoceratites,  sometimes  of  large  dimensions,  are  also  com- 
mon in  the  Galena^  especially  near  the  base.  Species  of 
Murchiaonta^  and  apparently  o{ Pleuraiomaria  have  also  been 
seen.  Of  brachi(»pods  various  species  that  appear  like  Or- 
this  and  like  Slrophomena^  in  addition  to  Liyula  quadrata 
(Eichwald,)  have  been  collected  from  the  outorops  of  the 
Galena.  The  paleontology  of  the  GaUna  is  studied  under 
unfavorable  circumstances  arising  from  the  crystalline  con- 
dition of  the  rock,  which  has  generally  caused  the  absorp- 
tion of  the  shelly  portion  of  the  animal,  leaving  only  its 
shape  entombed  in  the  form  of  a  cast.  In  other  cases  the 
fossils  are  so  nearly  obliterated  by  this  means  that  the  casts 
themselves  are  chemically  united  with  the  mass  of  the  rock, 
rendering  their  separation  impossible. 

(d.)     Economical  Value  of  the  Galena  Limestone. 

This  limestone  derives  not  only  its  name  but  its  special 
interest  to  the  geologist  and  great  economical  value  to  the 
States  furthei  south,  from  the  occurrence  in  it  of  workable 
and  valuable  deposits  of  the  sulpburets  of  lead  and  ziuc, 
called  galena  and  blende.  These  deposits  specially  pro- 
vail  in  that  district  denominated  by  Prof.  J.  D.  "Whitney 
**  The  driftless  region,"  in  the  States  of  Iowa,  Wisconsin 
and  llhnois.  This  driftless  tract  spreads  much  further 
northwestward,  covering  much  of  the  southeastern  portion 
of  Minnesota.  Fully  admitting  Prof.  Whitney's  theory  as 
to  the  non  submergence  of  this  region  since  the  deposition 
of  the  Silurian  limestone,  there  are  mai^y   facts  which  will 
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not  permit  such  non-submer^'once  to  explain  the  apparent 
absence  ot  the  northern  drift  in  that  part  of  the  northv^est, 
chief  among  which  is  the  absence  of  proof  that  any  portion 
of  the  drift  of  the  northwest  is  due  to  general  submorgeiico 
below  the  waters  of  the  oct-an.  The  fact  of  the  thinness  of 
the  drift  in  southeastern  Minnesota  has  been  referred  to 
under  the  head  of  Surface  Gtiolo/y,  The  features  of  sur- 
face that  prevail  throughout  this  district  are  the  same  as 
those  seen  about  Dubuque,  in  Iowa,  and  generally  through- 
out the  *^  Lead  Kegion  of  the  Upper  Mississippi."  The 
characters  of  the  Gal>*na  Limpstone  in  Minnesota  are  essen- 
tially those  of  the  same  limestone  in  the  lead  district.  The 
evidence  is  therefore  presutn[)tive  of  the  existence  of  galena 
in  workable  quantities  in  the  northern  extension  of  this  for- 
mation in  Minnesota;  at  least  no  cause  is  known  for  the 
limitition  of  the  lead  bearing  area  to  the  district  in  which  it 
is  chii'fly  developed.  If  the  origin  of  the  sulphurets  that 
fill  the  cavities  in  the  Oulem  be  due  to  the  intiltoration  of 
those  minerals  from  oceanic  waters  holding  the  sulphates  of 
the  same  metals  in  solution  at  the  time  of  the  formation  of 
that  dolomite,  there  is  no  known  reason  why  the  Galena 
will  not  embrace  the  same  sulphurets  throughout  its  extent, 
at  least  wherever  the  causes  that  produced  the  precipitation 
were  in  force.  The  cause  of  that  chemical  change,  assigned 
by  Mr.  Whitney,  is  the  decomposition  of  vegetable  and 
animal  remains  in  the  underlying  ^'bituminous"  shales  of 
the  JrentoUy  a  process  which,  evolving  sulphur  in  the  form 
of  sul|)hureUed  hydrogen,  would  necessarily  convert  the 
sulphates  in  the  waters  through  which  it  rose,  into  the  cor- 
responding sulphurets.  The  precipitates  gathered  in  such 
shrinkaye  cr^icks  or  other  caviiies- as  were  lavorable  for  its 
accumulation.  These  conditions  all  prevailed,  so  far  as  can 
be  learned  from  the  appearance  ot  the  rocks  themselves,  in 
8>uthern  Minnesota  equally  with  southern  Wisconsin. 
When  in  connection  with  these  theoretical  considerations  it 
be  remembered  that  occasional  cuboidal  pieces  ot  galena  are 
found  in  the  soil  in  that  part  ot  the  State  where  this  dolo- 
mite occupies  the  surface,  it  may  be  regarded  as  quite  prob- 
able that  the  lead-bearing  area  extends  also  into  the  State  of 
Minnesota,  and  that  by  careful  and  systematic  exploration 
it  may  be  found  in  the  rock  itself  in  paying  quantities. 

For  lime  the  Galena  is  not  much  used  in  Minnesota.  Yet 
it  will  make  a  lime  oi  superior  excellence.  It  will  burn 
easily  and  cheaply  owing  both  to  its  vesicular  texture  and 
the  presence  of  magnesia  in  the  form  of  a  carbonate.     It  will 
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make  a  ]imo  of  considerable  body,  but  less  quickness  in 
slacking  and  setting  than  that  from  the  Trenton.  In  that 
respect  it  would  resemble  the  quicklime  from  the  Lower 
JMagnesian^  but  it  would  be  whiter,  and  freer  from  siliceous 
matter.  The  granular  texture  seen  in  some  parts  of  the 
Galena^  a  character  common  to  most  magnesian  limestones, 
has  sometimes  mnde  it  pass  for  a  sandstone,  and  for  that 
reason,  although  used  for  a  building  material,  it  has  not  gen- 
erally been  tested  for  quicklime.  Lime  for  the  local 
markets  of  southern  Minnesota  ought  all  to  be  supplied  from 
this  formation.  It  furnishes  in  many  of  its  exposures,  along 
the  valleys  of  streams,  the  best  of  opportunities  for  quarry 

ing. 

When  in  connection  with  its  fitness  for  quicklime,  its 
merits  as  a  building  stone  are  considered,  it  is  made  a  little 
surprising  that  no  more  working  in  this  formation  has  been 
done.  It  nut  only  furnishes  a  building  material  suitable  for 
all  ordinary  uses  in  foundations  and  abutments  for  bridges, 
but  it  also  cuts  easily  to  a  regular  and  smooth  surface.  Its 
bedding  is  sometimes  heavy,  reaching  two  or  three  feet  in 
thickness,  and  the  stone  is  strong  enough  to  endure  both 
pressure  and  long  weathering.  It  is  of  a  light  and  lively 
color,  and  in  that  respect  has  the  advantage  of  darker  col- 
ored (^tone.  The  quarries  at  Mantorville,  owned  by  Messrs. 
Wilson  and  Ginsbeig,  hare  furnished  a  large  amount  of  good 
building  stone  which  has  been  hauled  many  miles  over  the 
country  in  various  directions,  past  many  inviting  outcrops 
ot  the  same  formation.  It  is  owing  to  the  investigations  of 
an  amateur  geologist,*  that  the  existence  of  this  stone  in 
many  other  places  has  been  made  known  to  the  citizens  of 
Olmsted  county.  Through  his  recommendations  it  has 
recently  been  opened  mar  the  city  of  Rochester,  and  is 
found  to  supply  a  stone  equal  in  all  respects  to  that  taken 
out  at  Mantorville.  The  quarry  of  Mr.  Thomas  Garrick, 
on  section  eighteen  in  the  township  of  Rochester,  Olmsted 
county,  exposes  twenty  or  twenty  live  feet  of  evenly  bedded 
Galena^  uselul  lor  general  building.  At  Rochester,  Cook*8 
block,  the  court  house,  the  public  school  house  and  Ueaney's 
block  are  all  faced  and  trimmed  with  the  Galena^  hauled 
from  Mantorvile.  At  Mantorville  the  court  house  and  the 
school  house  are  entirely  built  ot  it ;  the  former,  however^ 
showing  several  lai^e  iron  stains  in  the  front  walls. 


^  Mr.  W.  D.  Harlbat,  of  Rodiester,  Minn. 
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The  formations  that  have  thus  far  been  described  are  all  j  i 

included  below  the  Upper  Silurian.    The  Maquoketa  Shales  ':  \ 

of  Iowa,  which  overlie  the  Galena  are  also  embraced  in  the  \  j 

Lower  Silurian.     The  Galena^  however  is  the  highest  mem-*  I  [ 

ber  of  the  Silurian  that  has  yet  been  identified  in  the  State.  !:'  ( 

It  is  expected  that  when  more   detailed   exploration   shall  '!.  I 

have  been  ma[de,  the  remainder  of  the  Lower  Silurian,  the  T  I 

Upper  Silurian  and  the  lower  portions  of  the  Devonian  will  <   L 

be  found  to  occupy  a  considerable  area  in  the  southern  por-  ^  ^ 

tion  of  the  State.  The  area  assigned  to  these  rocks  in  the 
preliminary  map  accompanying  this  report  are  hence  based 
on  the  known  trend  of  other  formations,  and  on  the  maps  of 
the  neighboring  state  of  Iowa,  which  show  the  Upper  Silu« 
rian  and  Devonian  as  leaving  that  state  and  entering  this. 
The  same  is  true  of  the  areas  given  these  rocks  in  the  north- 
western portion  of  the  state,  the  geological  map  by  Prof. 
H.  Y.  Hind,  otthe  Winnepeg  district,  representing  the  De- 
vonian and  Upper  Silurian  as  entering  Minnesota  from  the 
north. 


•J 
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7.       THE  CRETACEOUS. 

(a.)     Preliminary   Considerations. 

The  geological  frame-work  of  the  state  having  been  com- 
pleted by  the  deposition  of  the  foregoing  Silurian  (and  De- 
vonian?) rocks,  it  remained  above  the  oceanic  waters  duriuor 
the  whole  of  the  Carboniferous  and  a  greater  part  of  the 
Beptilian  Ages,  during  which  it  underwent  only  the  vicissi- 
tudes of  atmospheric  changes,  till  the  period  of  the  Crefa^ 
ceous.  Large  portions  ot  the  American  continent  which  are 
now  dry  land  were  yet  under  the  waters  of  the  ocean.  At 
the  ushering  in  of  the  Cretaceous  a  further  submergence 
btought  the  Cretaceous  seas  over  not  only  the  old  Devonian 
and  Silurian  dry  land,  but  also  in  the  states  of  Minnesota 
and  Iowa*  over  largo  areas  of  the  azoic  and  granitic  rocks, 
riow  much  of  the  state  of  Minnesota  was  thus  8ubmer<yed 
has  not  yet  been  ascertained. 

If  points  of  elevation  only  bo  considered,  since  it  is  found 
in  some  of  the  most  elevated  parts  of  the  southern  portion 
of  the  State,  the  entire  State  must  have  been  submerged.  It 
is  possible  the  surface  of  the  country  sank  below  the  ocean 

*CoiDparc  Geology  of  lovoa  1870,  Vol.  I,  p.  16P.  j . ' 
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unequally,  in  different  localities,  and  also  that  it  rose  with 
similMr  irregularity.     Heiice  points  that  now  show  the  great- 
est altitude  above  the  ocean  level,  may  have  been  the  deep- 
est submerged,  or  may  have  risen  last.     Those  points  also, 
in  the  State  which  show  less  altitude  above  the  ocean  may 
have  risen  first,  or  may  not   have  been   submerged  at  ail. 
Whatever  may  be  the  iacts  in  regard  to  the  northern  portion 
of  the  State,  which  is  considerably  less  elevated  above  the 
ocean  than  the  southern,  the  seas  of  the  Ur^laceous  certainly 
covered  the   most  of  the  southern  half  of  Minnesota,    and 
probably   a  wide  belt  along  its  western  border,  reaching  to 
the  national  boundary  line  on  the  north.     Thus  the   rough 
frame  work  of  the  older  rocks  was  furniished  with  an  outer 
integument   which  tones   down  their   angularities  by   fillin 
some  of  their  depressions,  the  Cretaceous  beds   lying  uucon 
formably  on  them  all.      No  attempt  will  be  made  at  this  stage 
of  the  survey  to  define  the  limits  of  the  Cretaceous  in  Min- 
nesota.    It  is  said  to  occur  in  the  south-western  part  of  the 
Stale,  on  the  Cottonwood  river,  where  it  contains  beds   of 
lignite  that  have  been  mistaken  for  the   outcroppings  of  the 
northern  rim  of  the  Carboniferous.     It  has  been  detected  at 
Austin,  in  Mower  county,  where  it  affoids  angiospermoud 
leaves.     It   has  been  described  in  Stearns  county  hy  Mr. 
Kloos.     It   probably   occurs  at  Spring  Valley  in   Fillmore 
county.     At  Stillwater  is  a  bed  ol  tripoli  which  is  believed 
to  belong  to  the  Cretaceous.  It  is  exposed  in  a  little  tributary 
of  the  St.  Croix  river  about  one  mile  north  of  the  city.  Dr, 
C.  A.  White  has  lately  announced  it  at  Lime  Springs,    iu 
Howard  county,  Iowa,  about  five  miles  south  of  the  Minne- 
sota State  line.     Howard  county,  in  Iowa,  is  south  of  Mow- 
er and  Fillmore  counties  in  Minnesota.      Thus  the   question 
of  the  eastern  limit  of  the  Cretaceous  in  the  northwest  is  still 
an  open  question.     The  writer  is  not  aware  of  any  announce- 
ment of  its  existence  in  the  State  of  Wis^consin.     But  on  the 
eastern  shore  of  Lake  Michigan  in  the  **  Grand  Travcise  Re- 
gion," of  the  Slate  of  Michigan,  occur  beds  of  lignite  sissoci- 
ated  with  solt,  bituminous  and  green  clays  that  have    been 
regarded  as  pertaining  to  the  drill.*     Mr.  A.  D.  White,  of 
the  Michigan  Survey,  since  decea^^ed,  maintained  in  I8g0,  iu 
his  unpublibhed  field  mtee,  that  these  lignites  and  clays  are 
ut  t  ot  Quarternary  age.     Lignites  of  same  or  similar  origin 
also  occur  on  the  shores  of  Lake  Superior,  and  have  in  liko 
manner  been  ascribed  to  the  ago  of  the  drift.     It  becomes  a 


*  Sco  First  Biennial  Report  of  Progres$   oh  the  Geological  Survey  qf 
Michigan,  1861,  p..  130. 
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question  of  grcot  geological  interest  to  determine  the  age  of 
these  lignites,  especially  as  Iis:nite3  supposed  to  occupy  a 
position  near  the  bottom  of  the  drift,  also  are  reported  in 
southern  Illinois  and  Ohio.  Besides  tlio  li<2:nites  connected 
with  the  Jjower  Cretaceous^  Dr.  F.  V.  Jlayd«n  describes 
many  beds  of  lignite  in  \X\Vi  Lower  Tertiary.  What  portion, 
if  any,  of  the  liirnite  beds  seen  in  different  parts  of  Minne- 
sota may  be  of  Ttrtiart/  age,  it  is  not  now  within  the  province 
of  th«5  survey  to  state.  The  Tertiary  may  also  be  repre- 
sented. 

The  rocks  of  this  age  beinsf  so  little  known  and  so  raei- 
gerly  represented  in  Minnesota,  the  following  classification 
will  be  of  value  for  the  information  of  the  citizens  of  the 
state  and  for  covenience  of  reference  in  the  future  pn)i»ress 
of  the  survey.  It  is  essentially  that  ot  Messrs.  Meek  and 
Ilaydcn,  and  is  based  on  their  examinations  on  the  Upper 
Missouri.     It  is  arran^i^ed  in  descending;  order. 

Z«ATKK  CRFTACROUS. 

No.  5,  Fot  Hills  Group.  Yellowish  a^d  ferruginous  sandstones 
and  artMKiceous  clays.  Characteristic  fossils— JVawif/iia  /)«- 
kayi^  Ammonites  pltventa^  Ammonites  lobatus,  ScnphUes 
Vonradi  BaculUfS  nvfUuSjMasusaurus  i/(MOtirien«/«ThickDess,500  feet. 

No.  4,  Fitrt  Pierre  Group,  Dark  clays;  plastic  or  laminated; 
sometimes  calcareous.  Characteristic  fossils — S'autilus  De- 
kayi,  Ammtmitrs  placenta^  Ammonites  compfexusn  Baculiies 
ovatus,  liarulius  tutrnpresnus,  Heacoreraa  Morlini^  /nocera- 
mus  sublevis,  Mosasaurus  Missouriensis,  Thickness. 700  feet. 

EARUBR  Cr.KTACKOUS. 

No.  B.  Niobrara  Group,  Grayish,  calcareous  marl,  sometimes 
in  massive  layers  of  chalky  limestone  suitable  for  building. 
Characteristic  fossils — O-ifrea  congfsta^  Inoceramus  problem* 
aticua,  Inoceramus  avieuloUlrs,  Inoceramus  pseudo^mytiloideB, 
Thickness 200  feet. 

No.  2.  Fort  Benton  Group,  Black,  plastic  or  laminated  clays, 
with  some  thin  layers  of  limestone  and  sandstone.  Charac- 
teristic r>Hsils— //ioferaifius  pmbiematictts,  Inoceramus  umbo- 
natnSf  Ostrea  congesta^  Pindaiiomga  papyraeea^  Ammonites 
percnriualus,  Ammonites  vespertinus,  iScaphites  larvaeformis^ 
Thickness 800  feet. 

No.  I*  Dakota  Groups,  Yellowish,  reddish  and  whitish  sand* 
stones,  wi'h  some  arenaceous  clays  and  even  puddingstones. 
embracing  lignite  and  Impure  coal,  .with  many  Impressions  of 
angiospermous  leaves,  and  sometimes  large  quantities  of 
petrilted  wood.  Characteristic  fossils  — PAare/Ja  Dakotensis, 
Arinaea  miouxensia^  Cyp' ina  arenaria,  Leaoes  of  angiosperms, 
Thickness 400  feet. 


(b.)     Lithological  characters  of  the  Cretaceous. 

The  stone  exposed  at  Austin,  in  Mower  county,  is,  in  its 
natural  color,  light  blue,  and  that  color  shows  on  most  of 


ANNUAL   KKPOKT. 

]  Mocks  about  tho  heart  of  the  bedding;  and  on 
■iiig  it  is  doubllesa  all  b)ue.  Yet  the  stone  seen 
illage  is  very  generally  of  a  bufi  color,  to  the 
If  on  inch  to  three  inches,  depending  on  the 
iveathei  ing  and  oxydaliou.  The  thinner  beds  are 
changed  lo  that  color.  The  prescoce  of  a  coo- 
incretionary  iron  and  mud  balls  causes  a  rusty 
yellow  color  over  the  suriaco  of  many  of  the 
ise  concretionary  balls  fall  out  or  dissolvo  out 
I  water,  and  leave  cavities  which  become  larger 
des  theBe,  which  are  not  common  in  the  compact 
he  stone,  but  are  of^enest  seen  among  its  thin 
are  also  cavities  disclosed  by  the  fracture  of  the 
us  thick  beds.  These  are  sometimes  perfectly 
often  contain  loose  friable  matter,  easily  picked 
difiereut  in  color  or  grain  from  the  mass  of  the 
other  limes  such  cavities,  revealed  oo  the  frac- 
stoue,  are  lined  with  a  perfect  coating  of  lino 
;d  crystnls  which  ate  naturally  white  and  as  bard 

but  olteu  covered  with  iron-rust  ao  as  to 
red  or  black  exterior.  They  are  much  like 
riz.     The    texture    of   the  stone  itself  is    usu- 

and  the  grain  is  homogeneous.  8ome  largo 
ilocka  are  sawn  for  bases  to  tombstones,  and 
vu  tu  a  very  smooth  suriace.  It  is  more  safely 
>■  desired  dimensions  than  cut  or  broken,  since  it 
eacherously.  Yet  it  is  not  in  the  least  crystal- 
spect  at  a  distance  is  that  of  a  fine  grained  sand- 
t  it  coutaius  no  apparent  grit.  It  i^  so  soft  thai 
It  wilhuttt  didicully,  apjwaring  much  like  an  uu- 
uratfd  blue  shale.  It  contains,  but  very  spar- 
V  mulluacuus  fossils  wbigh  appear  like  a  Grypk- 
idenlly  -weathers  awny  fast,  since  the  rotted  down 
tu  be  removed  at  the  quarry  to    the  depth   of 

lect  before  any  stone  is  met  worth  taking  out. 
(  of  the  place  where  this  stone  is  sliglitly  worked 
perhaps  Ulty  rods  distant  and  14  fuet  higher,  iu 
ion  ol  one  of  the  low  knolls  whicli  sujwrScially 
)  be  only  ^and,  like  others  opened  for  that  pur- 
-  the  river,  a  German  struck  stone  of  Iho  same 
I  two  or  three  teut  of  tho  surface.  It  consists  ol 
led  beds,  all  of  a  buff  color.  Kuough,  however, 
■d,  ot  snitabic  quality,  for  Iho  vault  and  other 
pperlaiuing  lo  a  small  brewery.  Indeed  the 
tiou  it  the  c<.'lhtr  ii^  dug  iu  it.     Jt  was  uverliun  by 
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the  following  section   of  clays,  which  may  not  be  of  Greta- 


ceous  age. 


Ko.  1  Black  sandy  loam  and  soil 2  to  4  feet. 

No.  2.  Band  of  red  and  Variegated  compact  clay •  6  in.  to  4  feet. 

No.  3.  Yellow  ocherons  band  of  clay 6  in.  to  4  feet. 

These  bands  of  clay  (Nos.  2  and  3)  are  not  so  regularly 
superimposed  as  indicated  by  the  above  section,  but  occasi- 
onally No.  3  ia  broken  through  or  is  wanting,  and  No.  2  lies 
on  the  rock,  or  passes  down  into  its  crevices.  Yet  No.  3 
is  generally  the  first  over  the  rock.  They  vary  in  thick- 
ness and  swell  out  in  shapeless  masses  of  hard  clay.  Such 
hard  masses  are  seen  sometimes  to  embrace  bits  of  an- 
gular, earthy  rock,  much  like  ochre,  varying  in  color  from 
a  dark  burnt-umber  color  to  a  lighter  shade,  even  to  buff, 
and  appearing,  when  of  a  lighter  color,  much  like  the 
mass  of  No.  3.  They  can  be  scratched  easily  with  a  knife 
and  however  black  they  may  be  they  give  a  red  haematite 
streak.  Yet  when  they  are  faded,  the  streak  also  fades 
into  a  brown  or  yellowish-brown,  like  limonite.  Inter- 
mingled very  irregularly  with  No.  2,  and  sometimes  also 
with  No.  3,  are  masses  of  greenish  clay  w)iich  has  in  every 
other  respect  the  same  outward  characters  as  No.  2.  On 
searching  for  indications  of  the  Post-Tertiary  age  of  this  de- 
posit, none  could  be  found.  No  northern  pebbles  or  boulderi^ 
could  be  lound  in  it ;  no  sand  or  gravel,  no  vegetable  or  animal 
remains.  Yet  in  place  of  the  northern  dritt  materials  are 
these  hard  bits  of  ochre  (  ?)  ot  angular  shape  and  often  show- 
ing conchoidal  surfaces.  There  are  also  large  crystalline,  de- 
tached masses  of  apparently  a  sileceous  limestone  which  is 
very  hard  and  close-grained.  In  some  cases,  however,  this 
varies  to  a  porous  and  white  limestone  that  appears  to  be 
very  pure.  In  connection  with  this  description  of  limestone 
masses,  it  is  interesting  to  note  the  occurrence  at  St.  Charles, 
in  Winona  county,  ot  hard,  silicious  limestone  masses  on 
the  surface  of  the  ground,  they  appear  v\3ry  much  like  those 
embraced  in  this  clay.  At  St.  Charles  there  is  also  a  targe 
mass  of  Argentine,  or  lamellar  calcite,  lying  on  the  surface 
of  a  slope  ot  a  hill.  It  was  originally  four  or  five  feet  across*, 
and  about  u  foot  thick,  but  has  been  broken  up  for  hand 
specimens.  It  appeals  very  much  like  fibrous  gypsum.  Its 
arrangement  in  wavy  and  curly  layers^  gives  it  much  the  ap- 
pearance of  woody  liber,  and  it  was  regarded  as  a  speci- 
men of  petrified  wood  for  a  number  of  years  after  its  dis- 
covery. It  may  have  been  oris^inally  embraced  in  CreUtce- 
16 
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0U8  or  Tertiary  clays  which  have  been  destro^'ed  and  trans- 
ported, or  it  may  havo  weathered  out  from  the  Trenton 
shales  which  appear  in  the  top  of  the  hill. 

At  Austin,  in  the  digging  of  Mr.  L.  G.  Basfjrd^s  well, 
angiospermous  leaves  wero  found  in  the  sandstone  above 
described.  The  materials  passed  through  in  this  well  were 
said  to  be  in  general,  as  follows : 

No.  1.    Soil  and  loam 8  to   4  feet. 

No.  2,    Clay 20  feet. 

No.  3.    Rock 6to   8  feet. 

About  two  feet  of  loose  stone  was  thrown  out  by  picking. 
In  these  pieces  the  vegetable  fossils  were  found.  Two  dis  • 
tinct  varieties  of  leaf  are  disclosed.  One  is  very  much  like 
Ficus  primordialis ;  the  other  is  unlike  anything  with  which 
it  has  been  possible  yet  to  compare  it.  The  specimen  pre- 
served consists  of  a  branch  apparently  of  a  small  herb.  An 
inch  and  three-fourths  of  the  main  stalk  is  preserved.  In 
that  distance  it  gives  off  four  branches,  each  of  which  seems 
to  be  as  large  as  the  main  stalk,  three  on  the  left  and  oneou 
the  right.  The  whole  specimen  is  thickly  iurnished  with 
decurrent,  parallel-veined  leaves  which  havo  a  distinct  mid- 
rib. These  leaves  are  simple,  entire,  oblanceolate-linear, 
iind  taper-pointed  at  their  junction  with  the  stalk.  Their 
length  is  u  quarter  of  an  inch,  varying  a  little  above  and 
4)elow  that  size  ;  and  their  width  is  one-twentieth  of  an  inch. 
The  diameter  of  the  stalk,  and  that  of  the  branches,  is  about 
Ihalf  the  width  of  the  leaveH.  The  latter  diverge  from  the 
•branches  at  an  an^jle  of  40^  to  45°.  A  photographic  copy 
of  this  fossil  was  submitted  to  Dr.  J.  S.  Newbeiry,  who 
^pronounces  it  probably  a  species  cf  Sequoia,  a  gymnosperm 
of  the  Pine  family  known  as  •*  Redwood." 

At  J.  Gregsou's  mill,  two  miles  down  the  Cedar  from 
Austin,  the  same  ruck  as  at  Austin  is  observed  forming  a 
riffle  so  as  to  induce  the  coustructiou  of  a  water  power  for 
flouring  purposes^  The  stream  here  works  down  over  about 
lourteen  feet  of  rock.  The  beds  are  sometimes  two  feet  or 
more  thick,  or  the  rock  is  entirely  massive  like  an  indurated 
bhale.  Yet  in  weathering  the  thick  beds  are  checked  by 
plains  running  mainly  horizontal,  instead  of  perpendicular 
or  diagonal  as  in  mobt  shale.  Although  mainly  horizontal, 
these  plains  are  apt  to  unite  alter  a  few  feet,  splitting  the 
heaviest  beds  out  lenticularly.  On  considerable  exposure 
the  weather  entirely  disintegrates  and  destroys  it.  It  is 
here  worked  a  little  below  the  dam,  and  some  heavy  and 
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£De-]ooking  slabs  are  taken  out  near  the  water's  edgd. 
Somo  parts  ure  here  plainly  somewhat  calcareous,  and  afford 
traces  of  fossil  remains  which  have  much  the  appearance  of 
brachiopoda.  These  portions  are  porous  as  by  absorbed 
fossils. 

At  Messrs.  Rosenberry  and  Miner's  quarry,  near  Mr. 
Greg8on*s  Mill,  the  exposed  section  is  as  follows,  in  descend- 
ing order : 

Section  near  Austin^  in  Mower  County. 

Ko.  1.— Black,  loamy  soil 7  to  8  ft. 

Ko.  2.~Loose  fragments  of  the  uoderlyin;?  bedH,  and  clay, 
mixed s a 3  ft. 

Ko.  3.— Heavy  stone  like  that  described  at  Austin,  clay  fill- 
ing planes  and  joints 10  to  12  ft. 

^0. 4.— Rasty  bituminous  films }  to  1  in. 

[On  the  authority  of  the  owners  of  the  quarry,  to  this 
section  may  be  added,  below  the  foregoiu/;,  the  follow- 
ing:] 

No.  5.— Limestone,  filled  with  shells,  blue,   contains  flint, 
makes  lime,  penetrated «. 2  ft. 

The  bedding  of  No.  3  sometimes  lies  in  detached  blocks 
before  being  quarried,  the  corners  and  angles  of  which  are 
replaced  by  clay,  and  the  color  of  the  stone  is  changed  from 
blue  to  buff  or  drab  to  the  depth  of  about  two  inches. 

Along  the  sides  of  this  quarry  is  considerable  blue  clay, 
containing  no  shells  or  fossils  of  any  kind.  It  is  ^ceedingly 
fine  and  plastic.  It  fills  the  openings  in  the  rock,  and  is 
said  to  run  down  thirty  feet  at  least,  where  the  stone  itself 
would  naturally  lie  unless  the  beds  have  been  considerably 
broken  and  removed.  It  seems  to  occupy  a  trough-like  ex- 
cavation in  the  rock  about  a  rod  wide,  and  has  been  traced 
by  means  of  an  iron  rod  several  yards  back  from  the  river 
hank.  This  clay  below  twenty  feet  becomes  white.  This 
trough  extends  east  and  west. 

One  mile  b,elow  Gregson's  mill,  at  the  mouth  oi  Rose 
creek,  about  the  same  thickness  of  the  same  kind  of  stone 
may  be  seen  in  the  bank  and  bed  of  the  creek. 

It  is  exposed  again  at  Officer's  mill,  one  mile  below  Rose, 
creek,  where  the  river  passes,  in  the  form  of  a  little  ripple, 
over  the  rock,  inviting  here  also  the  improvement  of  the  wa- 
ter-power. 

Two  miles  east  of  Officer's  mill,  a  farmer  has  struck  the 
same  rock  in  two  separate  wells  on  his  farm,  in  one  at  the 
depth  of  three  feet,  and  in  the  other  at  eleven  feet. 

'Below  this  place  no  rock  is  said  to  occur  in  the  river,  dif- 
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ieriug  from  this,  till  at  or  near  Mitchell  or  Osage,  in  the  State 
of  Iowa,  twenty-eight  miles  from  Austin,  where  quick-lia>e 
is  made  from  rock  taken  from  the  banks  of  the  river. 

Mr.  Thomas  3mith,  on  S.  E.  J  Sec.  12,  T.  102,  R.  17, 
a  few  miles  east  of  Austin,  has  discovered  coal  in  the  sink- 
ing of  one  or  two  wells  on  his  tarm.  It  has  not  yet  been 
possible  to  compare  this  locality  with  that  on  the  Cotton- 
wood river,  wiv^re  coal  is  said  also  to  occur  in  limited  quan- 
tities; but  ihtj  are  both  believed  to  be  beds  of  lignite  ap- 
pertaining to  the  Lower  Cretaceous.  These  localities-  will 
both  be  visited  early  on  the  opening  of  another  season  of 
field-work. 

At  Spring  Valley,  in  the  western  part  of  Fillmore  county, 
is  an  extensive  bed  of  variegated  and  white  clay  that  is  gen- 
erally very  fine,  but  also  sometimes  embraces  coarse  sand 


grains. 


Near  Mankato,  in  Blue  Eai*th  county,  the  banks  of  the 
Minnesota  river  disclpse  sections  of  variegated  and  white 
clay. 

It  is  not  intended  here  to  convey  the  fixed  belief  that 
these  clays  are  of  Cretttceous  age.  They  occur  in  other 
places  in  the  southern  part  of  the  state  and  time  has  not  yet 
been  afforded  for  giving  them  the  requisite  examination. 
These  remarks  are  appended  to  the  foregoing  description  of 
rocks  supposed  to  be  of  the  age  of  the  Cretaceotis  because 
these  clays  have  been  seen  frequently  associated  with  those 
rocks,  and  because  they  do  not  appear  to  be  of  Quaternary 
age.  When  chemical  examinations  of  these  clays  have  been 
made,  more  positive  information  concerning  their  age  and 
value  will  be  received.  Samples  from  different  parts  of  the 
btatchave  been  duly  collected,  and  submitted  to  the  chemist 
of  thi3  survey. 

(c.)     Economical  Value  of  the  Oretaceoua, 

The  sediments  of  the  Lower  Cretaceous  being  mainly  silice- 
ous are  made  up  of  sandstones  and  arenaceous  clays.  These 
clays  may  be  distinctly  arenaceous,  or  the  sediments  may  be 
BO  fine  that  the  individual  grains  are  not  distinguishable  by 
the  unaided  eye.  The  sandstones  at  Austin  are  very  fine 
grained.  They  are  utilized  by  Messrs.  Roseberry  and  Miner 
in  the  construction  of  bases  for  monuments.  These  blocks 
are  sawn  out  by  the  proper  machinery  and  given  a  high 
polish  by  the  usual  methods.  The  closeness  and  fineness  of 
the  grain  render  the  stone  capable  of  taking  a  very  smooth 
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surface.  By  6r8t  marking  with  a  steel  point,  and  properly 
guiding  the  fracture,  it  is  cut  into  pieces  of  any  dimension. 
Its  perfect  homogeneity  of  texture  enables  the  cutter  to  de- 
pend on  his  checks.  It  makes  very  fine  hones  for  razors 
and  cutlery.  It  is  also  used  instead  of  the  celebrated  <  'Scotch 
Hone"  for  polishing  marble.  It  is  being  introduced  for  that  use 
into  the  chief  markets  ot  the  Northwest  from  the  quarry  of 
Roseberry  and  Miner.  It  is  furnished  by  them  to  wholesale 
dealers  in  Chicago  at  $25  per  ton.  It  is  retailed  at  forty 
cents  per  pound,  the  Scotch  hone  selling  for  fifty  cents  per 
pound. 

The  bed  of  tripoli  located  at  Stillwater,  in  Washington 
county,  seems  to  consist  almost  entirely  of  silica,  like  this 
sandstone.  Yet,  its  outward  resemblance  to  many  clays  that 
are  met  with  in  tlie  drift  makes  it  uncertain  to  what  age  it 
belongs.  It  lies  below  a  great  mass  of  drift  materials  closely 
sheltered  in  a  nook  between  the  bluffs  of  Brown's  creek,  and 
if  it  be  of  Certaceous  ago,  its  position  alone  has  preserved  it 
from  the  destroying  action  of  glaciers.  It  is  of  a  reddish  or 
<K)pper-color,  the  sanae  as  that  of  the  drift  clays  adjacent. 
Its  exposed  thickness  is  about  twenty  feet,  and  it  is  in  some 
places  undersi  ratified  with  distinct  quartz  sand.  Yet  the 
tripoli  clay  makes  up  the  mass  of  the  bank,  the  sand  layers 
bring  nothing  more  than  partings.  About  fourteen  years 
•ago  a  company  was  formed  for  the  purpose  of  developing 
this  deposit  as  a  material  for  polishing,  but  nothing  of  im- 
portance was  done.  Mr.  Abraham  Yan  Vorhes,  of  Still* 
water,  i^  authority  for  the  statement  that  about  that  time 
samples  were  analyzed  by  Professor  Joseph  Henry,  of 
Washington,  and  by  Dr.  Jackson  ot  Boston.  They  agreed 
in  pronouncing  it  a  very  fine  article  of  tripoli,  equal  to  the 
Bohemian.  It  is  at  present  only  used  to  a  limited  extent 
by  machinists  for  polishing  brass  and  iron,  and  by  cabinet 
makers  for  polishing  varnished  wood-work.  A  thin  paste 
is  made  and  the  material  applied  usually  with  cork. 

The  clay  at  Bosenberry  and  Miner's  quarry,  near  Austin, 
in  Mower  county,  is  used  for  putty,  by  simply  mixing  it  with 
boiled  linseed  oil.  It  is  first  dried  and  thoroughly  pulver- 
ized. It  is  said  to  act  as  firmly  as  Spauish  whiting.  The 
ochreous  clays  may  in  some  places  be  made  useful  in  the 
manufacture  of  a  fine  mineral  paint. 

At  New  Ulm,  in  Brown  county,  are  two  flourishing  pot- 
ter's establishments,  owned  by  Messrs.  Dauffenbach  and 
Gieseke,  and  by  John  Steket.  At  the  former  a  blue  clay 
**  from  the  Cottonwood"  is  mixed  with  a  similar  blue  clav 
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obtained  from  the  drift  at  New  Uim.  The  latter  overlies  a 
heavy  stratum  of  water  washed  and  stratified  white  sand.  It 
is  said  to  be  necessary  to  mix  these  clays  to  obtain  a  mate- 
rial that  will  not  crack  in  the  kiln,  that  <*from  the  Cotton- 
wood"^ being  much  addicted  to  that  fault.  The  same  clay 
mako?  a  red  brick  when  harder  burned.  A  white  clay  is 
also  used  by  Dauffenbach  and  Gieseke  for  making  fire-brick. 
The}r  kiln  and  fire-arch  are  built  of  brick  of  their  own 
maijiifacture  from  this  clay,  and  appear  to  stand  well.  This 
clay  is  obtained  at  some  distance  from  New  Ulm,  at  a  point 
said  to  be  known  only  to  the  proprietors. 


VI. 
PLANS   AND    EECOMMENDATIONS. 


The  law  under  which  the  present  survey  is  being  prosecu- 
ted appropriates  the  sum  of  one  thousand  dollars  per  annum. 
This  is  too  small,  for  various  reasons,  the  chief  of  which  are : 

Ist.  It  will  not  pay  for  the  services  of  a  single  employe 
on  the  survey  capable  of  working  under  the  law.  Hence,  it 
well-nigh  renders  the  law  inoperative. 

2nd.  It  does  not  command  the  respect  and  confidence  of 
the  citizens  of  the  State  and  others,  and  serves  as  an  excuse 
for  refusing  aid  and  co-operation.  The  survey  should  be  in- 
dependent of  favors  for  which  it  now  has  to  beg,  sometimes 
to  be  scornfully  rebuffed. 

3d.  In  the  survey  of  those  portions  of  the  State  inacces- 
sible by  public  roads,  or  by  railroads,  it  will  be  necessary 
to  employ  laborers,  and  incur  other  expense,  for  which  the 
sum  of  one  thousand  dollars  is  not  sufiScient. 

4th.  In  order  to  conduct  the  survey  on  one  thousand 
dollars  per  annum,  the  State  Geologist  must  find  some  oth- 
er employment  a  portion  of  the  year. 

5th.  The  magnitude  of  the  interests  involved  demands 
that  ample  means  be  allowed  for  doing  the  work  of  the  sur- 
vey thoroughly  and  without  embarrassment. 

These  considerations  ought  to  induce  the  legislature  to  in- 


LNIVBRSITT   OP  MINNESOTA.  Hi) 


1. 


w  * 

y 


\ ' 
'» 


! 


•  '•  i 


it 


M 


crease  the  amount  now  appropriated  to  a  sum  sufficient  at 
least  to  keep  one  man  constantly  employed,  and  to  p^y  all 
expense  of  field-work  and  chemical  examinations. 

In  connection  with  the  subject  of  increasing  the  means  |  ^ 

provided  for  the  geological  survey,  it  is  suggestojjXhe  State  1  'i 

lands  known  as  SaU  Zanc^/tbaj^ay  be  so  'sold  or  appropriated ,  { 

under  the  management  ort&e  Board  of  Begents  of  the  Uni-  |  ] 

versity,  as  to  be  available  for  that  purpose.  It  would  be  in 
perfect  consonance  with  the  original  design  in  the  reserva-  ,    .| 

tion  of  these  lands  from  sale«  if  they  were  placed  in  the  custody  1  j 

of  the  Board  of  Kegents,  conditioned(l^tiitiIl*  Qd(9yoi^he  pros- 
ecution of  the  Geological  and  NaturaTHistory  Survey  of  the 
State,  with  a  view  to  the  early  and  economical  develo))ment 
of  the  brines  of  the  State.  ] 

The  law  cannot  be  carried  out  without  the  purchase  of  f 

chemicals  and  apparatus  for  the  use  of  the  Chemical  Depart* 
ment  of  the  survey,  and  without  the  purchase  of  instruments  i| 

to  bo  used  in  the  prosecution  of  the  field-work.     It  is  too  * 

much  to  ask  the  State  University  which  now  pays  the  ser- 
vices of  the  Chemist  of  the  survey  besides  iurnishing  rooms  •  ij 
for  laboratory  work,  to  provide  for  these  expenses.  "  il 
There  ought  to  be  a  special  appropriation  of  several  hun-  i'  4 
dred  dollars  to  maKe  these  purchases.  The  Board  of  [  Jj 
Segents  are  referred  to  the  accompanying  statement  of  ;'  i 
Prof.  D.  P.  Strange,  Chemist  of  the  Survey,  for  information  -  i 
on  this  subject.  -  i 

The  law  creating  the  survey  is  very  explicit  in  defining  n     { 

the  work  to  be  done.     It  requires  that  the  geological  survey  1  :]] 

proper,  unless  otherwise  ordered  by  the  Board  of  Regents,  I  '*^ 

fihall  be  first  completed.     Hence  no  steps  have  been  taken  ! .  - 

toward  the  performance  ot  anything  not  strictly  geological. 
Indeed  it  is  beyond  the  means  afforded  at  present  to  do  any 
work  in  the  botanical  and  zoological  departments,  before  the 
substantial  completion  of  the  geological  portion  of  the 
survey.  It  is  ev  ident,  however,  that  the  aggregate  expense 
ot  the  Geological  and  Natural  History  Survey  will  be  consid- 
erably' reduced  by  carrying  on  the  different  departments  in 
conjunction.  It  would  be  duplicating  at  considerable 
expense,  the  various  parties  and  explorations,  to  delay  all 
observations  and  collections  illustrative  of  the  zoology  and 
botany  of  the  state  till  after  the  geological  observations  had 
been  made.  Parties  would  have  to  be  sent  again  overmuch 
of  the  Sfime  territory.  A  special  botanist  or  zoologist  might 
accompany  the  geological  party  without  much  additional 
expense,  making  valuable  collections  that  might  otherwise 
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be  lost.  Thus  in  au  economical  sense,  as  well  as  in  a 
grander  and  deeper  sense  depending  on  their  co-adaptation, 
these  isciences  cannot  be  divorced.  They  cannot  act  inde- 
pendently of  each  other.  In  the  prosecution  of  the  geologi- 
cal survey  many  opportunities  will  be  offered  for  the  fur- 
therance of  the  botanical  and  zoological  investigations. 

Prof.  E.  H.  1 'wining,  late  of  the  University  of  Minnesota, 
now  of  the  University  of  Missouri,  has  furnished  the  accom- 
panying list  of  plants  found  by  him  growing  on  the  Univer- 
sity grounds  durin<rhis  residence  here  as  Professor  of  Chem- 
istry in  the  State  University. 

In  the  prosecution  of  the  geological  survey  proper,  after 
a  genoral  reconnoissance  with  a  view  to  the  determination  of 
the  general  trend  ot  the  formations,  and  the  identification  of 
sufficient  characters  to  decide  their  ages,  it  will  be  necessary 
to  enter  on  the  detailed  examination  of  the  State  by  coun- 
ties. This  more  special  investigation  implies  the  careful 
delineation  of  the  outlines  of  the  formations  with  all  their 
windings,  as  they  are  found  in  each  county,  on  suitable  maps 
properly  colored,  the  description  of  the  topography,  soil  and 
mateiial  resources  of  each  county,  together  with  a  scientific 
account  of  the  chemical  and  mineralogical  characters  of  the 
rocks  found  (herein.  Jn  the  progress  of  the  survey  the  spe- 
cific names  of  the  fossils  pertaining  to  the  various  formations 
will  be  ascertained,  and  in  the  end  complete  lists  of  these 
ancient  iauuas  will  be  made  out,  to  which  will  be  added  de- 
scriptions and  figures  to  illustrate  any  new  species  that  may 
be  discovered.  These  investigations  necessarily  require 
much  time  and  study,  to  say  nothing  of  the  labor  of  collect- 
ing and  preseiving  the  specimens. 

The  question  of  the  existence  of  brine  in  the  State  of  Min- 
nesota is  one  of  the  most  important,  in  an  economical  sense, 
that  can  be  prese;;tcd  for  the  investigation  of  the  survey. 
It  should  not  be  hastily  answered.  Too  much  is  involved 
to  be  rested  on  the  result  of  a  guess.  Too  much  also  is 
involved  to  bo  prejudiced  by  the  failure  of  unguided  expen- 
ditures. The  tests  that  may  be  made  ought  to  be  made  in 
the  fullest  light  oi  all  the  facts  that  science  with  its  general- 
izations can  thiow  upon  them.  It  comes  within  the  scope 
of  geological  investigation,  and  ought  not  to  be  hazarded  in 
the  hands  of  empirical  novices. 

The  salt  springs  said  to  occur  in  this  State  may  have 
either  of  two  origins.  They  may  be  the  results  of  overflow 
of  extensive  &alt  basins  embraced  in  the  rocky  structure  of 
the  State,  or  they  may  bo  the  result  of  superficial  accumula- 
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lions  fiimilar  to  the  other  saline  and  alkaline  deposits  that 
are  scattered  largely  over  the  western  plains.  It  is  not  in- 
tended now  to  give  this  question  the  discussion  its  import- 
ance demands  at  the  hands  of  the  survey.  No  investigation 
of  the  phenomena  of  the  regions  where  these  springs  exist, 
has  been  |[iade.  It  is  only  intended  to  suggest  the  import- 
tance  of  correct  scientific  processes  in  the  future  efforts  for 
their  development. 

It  is  recommended  that  the  law  ordering  the  survey  be 
amended  so  as  to  require  the  Board  ot  Begents  to  supply 
suites  of  duplicate  geological  specimens  collected  to  the 
State  Normal  Schools,  after  the  University  collection  shall 
have  been  completed. 

Very  respectfully  submitted, 

N.   H.    WiNCHELL, 

State  Geologist. 

University  of  Minnesota,  > 

St.  Anthony,  Minn.,  Dec.  31,  1872.  j 
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STATEMENT  OF  THE  CHEMIST  OF  THE  SURVEY. 


Prof.  .Pi\  H.  Winchellf  Geologist  of  Survey: 

Sir  : — I  have  to  report  that  I  have  been  utterly  unable  to 
do  any  chemical  work  upon  the  Geological  Survey  to  tho 
present,  owing  to  the  lack  of  necessary  apparatus,  and  also 
to  the  impossibility,  with  present  heating  facilities  in  our 
laboratory,  of  conducting  any  chemical  analysis  during  the 
winter  season. 

Very  respectfully, 

D.  P.  Strange, 

Chemist  of  Survey. 
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RANUKCULACEAB. 


Viola  cucullata. 
y.    delphinlfolia. 
y.    pabcscens. 
y.    pedatft. 


CRUCIFERAB. 


Tarritis  stricta. 
Arabia  laevigata. 
Capsella  barsa-pastorls. 
Lepldinm  yirglnlcam. 
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RanuDculas  rhomboideas. 
B.         repens. 
K.         Fennsylyanlca. 
K.         abortivus. 
R.         sceleratus. 
AnemoDe  Nuttaliana. 

A.      nemerosa.  !  i 

A.      PenDsylranlca. 
A.      cylindrica. 
A.      yirginica. 
A.    thallctroides. 
Actaea  splcata. 
Aqailegia  Canadensis. 
Thallctram  Cornuti. 
Delphinium  azureum. 
Clematis  yirginlana. 
Caltha  palastrls.  i 

FAFAYSRACEAK. 

SaogQlnaria  Canadensis. 
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GERANIACEAB. 


Geranium  maculatam. 
Impatlens  fblva. 


f 
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HYDROPHYLLACSAE 


Ilydrophyllum  Virglnicum. 


t  ••  f 


OX4LIDACEAB. 


Oxalis  stricta. 
O.    Tlolacea. 


V  - 


CAKYOPHYLLACEAB. 


Arenaria  lateriflora. 
Stellaria  longifolia. 
Silene  antirrhina. 
Agrostemma  Glthago. 


LEGUMINOSAE. 
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Lupinus  perennis. 
L.       ochroleucus. 
L.      venosQs. 
Vicia  Americana. 
Astragalus  Canadensis. 

A.       caryocarpuSi 
Fsoralea  argophylla. 
Amorpha  canescens. 

A.      fhitlcosa. 
Petalostemon  candidus. 

F.  violaceus. 

P.  villosus. 

Amphicarpaea  monoica. 
Apios  tuberosa. 
Pbaseolus  diyersifolius. 
Desmodium  acuminatum. 

P.  Candadense. 

Cassia  Chamaecrista. 


POLEMOXIACEAE. 


Phlox  pllora. 


» * 
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SAXIFRAGACEAB. 


Hcucbera  hlsplda. 
Parnassla  Caroliniana. 


r.^ 


ROSACEAB. 


Geum  strlctum. 

G.    album. 

G.    triflorum. 
Fragaria  vesca. 

F.    Virglniana. 
Rosa  blanda. 
Potentllla  Norvegica. 

P.    Canadensis. 
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P.    anserina. 

P.    arguta. 
Spiraea  salicifolia. 
Pninas  Virginiana. 
Agrimonia  Eopatoria. 
Amelanchier  Canadensis. 
Robas  Canadensis. 


BORRAGINACEAB. 


Lithospermnm  canescens. 

L.  hirtnm. 

L.  longiflonim. 

Echinospermnm  Lappala. 

E.  Radowskil. 

Cynoglossnm  Morrisoni. 


VBRBENACEAB. 


Verbena  hastata. 

V.       bractiosa. 

V.       nrtlcaefolia. 

V.       strlcta. 
Phyrma  leptostachya. 


LABUTAB. 


Mentha  Canadensis. 
Leonnrns  cardiaea. 
Lophanthns  anisatns. 
Stacbys  palnstris. 

S.  "    yar.  aspera. 

Monarda  flstalosa. 
Lycopns  Earopaeus. 
Tencrinm  Canadense. 
Pycnanthemnm  lanceolatnm. 
Scntellaria  parvula. 

8.    lateriflora. 
Nepeta  cataria. 


GROSS  ULAC|IAB. 


Ribes  floridnm. 
R.    cynosbati. 


CAPRIFOLIACBAB 


Sambncns  pnbens. 

Yibnrnnm. 

Symphoricarpus  occidantalis. 

Lonicera. 


RUBIACBAE. 


Galium  boreale. 
G.    triflornm. 


CORNACEAB. 


Comns  circinnata. 


i 


126 


AKbTUAJj  BBrORT. 


ARALIACEAE. 


Aralia  racemosa. 


UMBELUFESAE. 


Sanicula  Marilandica. 
Cicata  maculata. 
Pastioaea  sativa. 
Tbaspium. 

CUCURBITACEAK. 

Echinocystls  lobata. 

ONAGRACEAE. 

Epllobium  coloratum. 

£.    palastre. 
Oenothera  biennis* 

O.  serrulata. 


VITACEAE. 


Vilis  cordifolia. 


RUAMNACBAE. 

Ceanothos  Americanus. 


LINACEAB. 


Linum  rigidam. 


Malra  rotandifolia. 


MALVACEAE. 


HYFERICACEAK. 

Hypericum  pyramldatum. 

CISTACEAK. 

Ileliantbemum  Canadense. 

CAPPARIDACBAB. 

I'olanlsia  graveolens. 

FUMARI4CEAK. 

Dicentra  Canadensis. 

SARRACENIACEAB. 

Sarracenia  puri^urea. 


Nymphaeackae. 


Nymphaea  odorata* 
>fupbar  advena. 


8GHR0FHULABIACXAK* 


Rhinanthus  criata-galli 
•Castilleja  coccinea. 
PentatemoD  grandlfiorus. 

P.  pubescens. 

Scrophularia  nodosa. 
Veronica  Americana. 

V.        Virglnica. 
MimulQS  Jamefili. 

M.       rlngens. 
Linaria  valgarls. 
Verbascnm  thapsns. 
'Gerardia  tenuirolia. 

G.       purpurea. 


T 
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Taxacam  dens-Ieonls.  ic 

Taximon  cuspidatam. 

Antennaria  margaritacea.  j    ^ 

A.  Pennsylvanica.  I 
Erigeron  Philadelphicnm. 

E.    bellidlfolium. 
Senecio  aureus.  ,  * 

Chrysopsis  yillosa. . 
Cynthia  Virginica. 
Achillea  miliefollnm. 
Kndbeckla  plrta. 

B.  laciniata. 
Hellopsis  laevls,  var  scabra. 
Coreopsis  palmata. 
Helianthus  strumosus. 

H.         rigldus. 

H.         giganteus. 

U.         hirsutus. 
S61idago  lanceolet^. 

S.      Missouriensis. 
'    S.      latifolia. 

b>.      nemoralis.  « 

S.      Canadensis. 

S.      rigida. 
Eupatorlum  purpureum.  I 

£.         perforatum.  ' 

E.        ageratoides. 
Sonchus  asper. 
Lepacbys  pionata.  I 

1 


} 

\ 

it 

t 

i 

■  * 


<> 
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Aster  Novae  Angliae 
A.    cordlfoUus.  I  * } 

A.   ^kzureus. 
A.    laevls. 
A.   multiflorus 

A.  sericeus. 
Lactuca  eonglata. 
Liatris  scariosa. 
Helenium  autumnale. 
Nabalus  albus. 

N.      racemosus. 
Ambrosia  trifida. 
Lygodesmia  Juncea. 
Bidens  chrysanthemoides. 

B.  blplnnata. 


1 


I  • 


II 

'1 
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Chelone  glabra. 
Pedicularii  lanceolata. 


80LANACEAE. 


Physalis  angnlata. 
Solanum  nigrum. 


GEXTIAKACEAK. 


Gei:t  rna  crinlta. 
tr.      Andrewsll. 


POLYGONACEAR. 


Bamex  acetosella. 

B.    crlspns. 
Polygonum  Convulvulus. 
P.       aviculare. 
P.       Periicaria. 


CAMPANULACCAK. 


Campanula  rotundlfola. 
C.    aparinoldes. 


LOBBLIACEAB. 


Lobelia  splcata. 
L.    syphilitica. 


Nyctaqinaceae. 


Oxypaphus  nyctaginous. 
0.    angustilollus. 


f 


ERICACEA. 


Pyrola  elllptlca. 


PRIMULACEAE. 


Lysimachia  ciliata. 


ASCLEPIADACEAE. 


Ascleplas  ovalifolia. 
A.        tuberosa. 
A.         Cornutl. 


AP0CYXAC15AK. 

Apocynum  androsaemifolium. 

KUPHORBIACBAE, 

Euphorbia  corollata. 
£.  maculata. 

E.  cyathophora. 


r, 

■ 
*  *  *■ 
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ORCHIDAOBAK. 


Hypoxis  erecta. 


BAUOACBAS. 


Saliz  lacida. 


Cyperas  dentatas. 


CTPXRAOBA. 


OBAMIMKAK. 


Phleam  pratense. 
Setaria  viridis. 
Agrostls  yulgaria. 
Triticam  caninam, 
Cenchrua  tribnloides. 


17 


Cyprlpedinm  pnbeacens. 

O.    spectabilis. 
Spiranthes  graminea. 

AUSMAOBAK.  ]  . 

Saglttarla  yarlabills. 

LTUACKAX.  i 


*  f-1 


I 


UTiilarla  grandiflora. 

U.    sessllifolia 
Mf^anthemam  bifolinm.  .1 

Smilacinea  stellata.  t  } 

Polygonatam  biflornm. 
Allium  cemnam. 
Llalnm  CanadeDse. 

L.    superb  am. 

SMILACKAB. 

Trillium  cernuum. 

IRIDACRAB. 

Syslrhynchium  Bermudianum. 


■     r 


i 

* « 


1; 


AMARYLLIDACBAB.  j  .-\ 


•  t      "! 


COMBfBLYNACBAB.  « 

Tradescanta  Virginica. 


( 


Note. — ^Tbe  profile  elevations  for  the  Southern  Minnesota 
railroad,  given  on  page  59,  may  be  leferred  to  the  level  of 
Lake  Superior  by  adding  14  feet,  and  to  the  level  of  the 
ocean  by  adding  614  feet.  The  descent  of  the  Mississippi 
from  St.  Paul  to  Grand  Crossing,  opposite  La  Crosse,  is  62 
feet,  as  ascertained  through  the  Milwaukee  &  St.  Paul  and 
Southern  Minnesota  railroad.  It  the  distance  between  St. 
Paul  and  Grand  Crossing  be  taken  at  134^  miles,  and  if  22} 
miles  be  omitted  for  lake  Pepin,  the  average  fall  per  mile 
of  the  Mississippi  river  is  .554  feet.  General  Warren  as- 
certained the  average  descent  of  the  Mississippi  from  St. 
Paul  to  Hastings  to  be  .556  ft.  per  mile. 
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FOR   THE   YEAR  1873. 


By  N.  H.  \A^INCHELL,  State  Geologist, 

AND 

S.  F.  FECKHAM,  State  Chemist. 


8l'BMlTTEI>  TO  THE  PRKSIDKKT  OF  THE  UkIVEBBITY,  DeCEMBKK  31,  1873. 


SAINT  PAUIi  I 

8AINT    PAUL    PRE08   COMPANY. 

1874 


^^^K^N 


V    4 


.. 


'^.  ' 


t    I 

« 

I     '  I* 

I    .»    '  ' 

I     I 


». 


1 
■X 


\  . 


f 


I  :\ 


i 


:.*-. 


#1 

1 


Wi 


V 

•  I 


'J: 


.1* 


f 


:t 


fdJ 


GEOLOGICAL 


AND 


NATURAL   HISTORY 


SURVEY  OF  MINNESOTA. 


THE  SECOND  ANNUAL  REPORT. 


FOB  THE   YEAK  1873 


By^N.  H.  WINCHELL,  State  Geologist, 

AND 

S.  F.  PECKHAM,  State  Chemist. 


SUBMITTKP  TO  THE  PREBIDENT  OF  THE  UNIVEBSITY,  DeCFMBKK  31,  1873 
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SAINT  PAUL  x 

SAINT   PAUL   PRB8S   COMFAlfT. 

1874. 


I 


Al^v 


A.r>  DRESS. 


To  the  President  of  the  University : 

I  have  the  honor  to  offer  the  accompanying  report  on  the 
progress  of  the  Geological  and  Natural  History  Survey  of 
the  State,  for  the  year  1873.  The  last  Legislature  increased 
the  means  provided  for  the  prosecution  of  the  survey,  by 
doubling  the  cash  appropriation,  making  it  two  thousand 
dollars  annually,  and  transferred  to  the  Board  of  Regents 
the  State  lands  known  as  *'  Salt  Spring  Lands^  the  pro- 
ceeds of  which  they  are  required  to  expend  exclusively  in 
the  prosecution  of  this  work.  At  the  same  time  the  Board 
of  fiegents  of  the  University  were  required  to  direct  the 
immediate  survey  of  the  peat  deposits  of  the  State,  and  to 
cause  an  investigation  and  repoit  on  the  Salt  Springs. 

While  these  special  investigations  have  been  carried  on 
as  far  and  as  thoroughly  as  possible,  the  progress  of  the 
general  survey  has  also  been  pushed  as  far  as  the  means 
and  time  would  permit. 

In  general,  the  field  of  observations  has  been,  during  the 
season  of  1873,  in  the  southwestern  part  of  the  State.  The 
valley  of  the  Minnesota,  and  those  of  some  of  its  tributa- 
ries, have  been  subjected  to  a  reconnoissance  which  has 
served  to  answer  many  questions  that  were  important  to 
answer  before  entering  on  the  detailed  county  work,  and  in 
that  manner  has  also  served  to  prolong,  though  not  yet  to 
complete,  the  preliminary  survey  that  occupied  the  .short 
season  of  1872.  The  results  of  this  reconnoissance,  both 
scientific  and  economical ,  will  be  found  stated  in  the  proper 
places  in  the  accompanying  report. 

The  counties  of  Cottonwood,  Jackson  and  Nobles  have 
been  subjected  to  thorough  inspection  for  peat.  Incidental 
examinations  have  also  been  made  on  peat  deposits  in  the 
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counties  of  Dakota,  Hennepin,  Ramsey,  Le  Sueur,  Nicol* 
let,  Faribault  and  Stearns.  Prof.  S.  F.  Peckham,  the 
chemist  of  the  survey,  has  made  the  analysis  of,  thirteen 
specimens.  Before  his  appointment  six  specimens  were 
also  submitted  to  Dr.  P.  B.  Rose,  of  Ann  Arbor,  Michigan, 
for  analysis.  The  reports  of  these  gentlemen  will  also  be 
found  m  the  accompanying  report,  supplemented  by  re- 
marks on  the  methods  of  working  peat,  and  its  value  as  a 
fuel  for  general  use,  and  by  sundry  practical  conclusions  on 
the  peats  of  Minnesota. 

The  question  of  the  existence  of  Carboniferous  coal  in 
Minnesota,  has  also  occupied  considerable  time  during  the 
past  seafton.  The  frequent  statements,  positively  put  forth 
in  the  public  prints,  of  the  finding  of  considerable  quanti- 
ties of  good  coal  in  the  southern  and  southwestern  part  of 
the  state,<  together  with  the  published  opinion  of  Mr.  H. 
H.  Eames,  reporting  to  the  legislature  in  1866,  to  the  effect 
that  the  Carboniferous  rocks  of  the  State  of  Iowa  are  pro- 
longed northward  into  Minnesota,  and  there  furnish  the 
'<coar  of  the  Cottonwood  and  Redwood  valleys,  induced 
the  attempt  to  determine,  as  far  as  possible,  the  source  of 
the  float  coal  found,  and  the  real  age  of  the  rocks  explored 
lor  coal  in  that  portion  of  the  State.  This  question  was 
believed  to  be  paramount  to  all  others  bearing  on  the  fuel 
supply,  and  although  its  solution  is  not  entirely  accom- 
plished, yet  enough  has  been  ascertained  to  warrant  certain 
practical  and  important  conclusions.  The  facts  on  which 
these  conclusions  are  based,  will  be  found  stated  in  different 
parts  of  the  following  report,  and  need  not  be  repeated 
here. 

1st.  The  rocks  that  have  been  explored  for  coal,  on  the 
Cottonwood  and  Redwood  rivers,  belong  to  the  Cretaceous 
system,  and  do  not  promise  to  be  productive  of  coal  in 
valuable  quantities. 

2d.  The  coal  there  taken  out  is  of  an  inferior  grade, 
though  varying  from  cannel  coal  to  charcoal. 

8d.  As  the  rocks  of  the  Cretaceous  period  are  believed 
to  have  existed  throughout  the  most  of  the  State,  the  only 
probable  exception  being  in  the  southeastern  portion, 
including  half  a  dozen  counties,  such  coal  is  likely  to  occur 
at  a  great  many  places. 

4th.  The  « afloat"  coal  which  has  so  often  attracted  the 
attention  of  the  people,  is  derived,  so  far  as  yet  known, 
from  the  disruption  of  the  Cretaceous  rocks  by  the  glaciers 
of  the  ice  period.     It  is  scattered  through  the  drift,  and 
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is  met  with  in  wells  and  other  excavations,  and  may  be 
often  picked  up  along  the  beds  of  Ptreams. 

5th.  The  only  part  of  the  state  where  good  coal-bearing 
fitrata  of  the  Carboniferous  age  may  occur,  comprises  the 
counties  of  Mower,  Freeborn  and  Faribault.  As  these 
counties  are  heavily  covered  with  drift,  the  question  can  be 
settled  definitely  only  by  drilling  or  shafting  to  the  rock. 
Should  Carboniferous  rocks  be  met  in  Faribault  county, 
there  would  also  be  some  reason  for  exploring  for  the  same 
in  the  southeastern  portion  of  Blue  Earth  county. 

In  regard  to  the  investigation  of  the  salt  springs,  nothing 
further  has  been  done  than  to  ascertain  their  history,  and 
the  present  condition  of  tbe  United  States  land  grant.  It 
has  been  found  that  the  original  grant  covered  46,080  acres. 
Of  this  the  State  was  unable  to  avail  itself  of  11,520  acres, 
that  amount  being  situated  outside  of  the  area  surveyed  by 
the  U.  S.  Government.  The  springs,  however,  lying  out- 
ride of  the  surveyed  portions  of  the  State,  were  carefully 
located  by  metes  and  bounds,  and  at  the  order  of  Governor 
Sibley  the  request  was  entered  at  the  Land  Department  at 
Washington  that  the  lands  appertaining  to  each  spring  so 
located,  also  those  lying  within  the  surveyed  portions, 
4slaimed  by  the  State  under  the  act  of  Congress  admitting 
the  State  into  the  Union,  be  withheld  from  sale  and  occu- 
pancy. They  have  not  been  so  withheld,  and  those  lands 
have  not  been  certified  to  the  State.  This  fact  reduced  the 
original  available  grant  to  34,560  acres.  It  has  been  fur- 
ther reduced  by  the  occupancy  by  settlers,  6,752  acres. 
About  1,600  acres  were  also  previously  covered  by  the 
terms  of  the  act  granting  swamp  lands  to  the  State.  The 
remainder,  26,435  acres,  have  been  certified  to  the  State. 
The  Belle  Plaine  Salt  Company  were  granted  7,643  acres 
of  the  certified  Salt  Spring  Lands,  on  complying  with  the 
acts  of  the  Legislature.  The  rest  of  the  certified  lands, 
amounting  to  18,771  acres,  are  now  available  for  the  pros»> 
cution  of  the  survey.  The  uncertified  portion  of  the  orig- 
inal grant,  aggregating  19,872  acres,  inasmuch  as  the  whole 
was  properly  selected  and  located  within  the  terms  of  the 
JBnabling  Act,  should  be  the  subject  of  a  memorial  to  Con- 
gress, as  suggested  by  Auditor  Mcllrath,  in  his  report  for 
1871.  It  is  believed  that  the  U.  S.  Government  would 
gladly  make  up,  by  an  additional  grant,  the  deficiency  that 
has  resulted  in  great  loss  to  the  State,  through  the  neglect 
or  inadvertence  of  its  own  ofiicers. 

The  traveling  expenses  have   been  materially  reduced 
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during  the  past  season  by  the  courtesy  of  the  officers  of  the 
following  railroads,  who  have  granted  me  continuous  passes 
over  their  roads,  viz. :  the  St.  Paul  and  Sioux  City, 
and  Sioux  City  and  St.  Paul ;  the  Southern  Minnesota ;  the 
Northern  Pacific,  and  the  St.  Paul  and  Pacific. 

Dr.  I.  A.  Lapham,  Director  of  the  Geological  Survey  of 
Wisconsin,  has  furnished  a  catalogue  of  the  plants  of  Min- 
nesota, made  up  from  various  sources,  including  his  own 
observations,  and  known  to  be  growing  in  the  state  at  the 
date  of  1865.  The  reputation  of  Dr.  Lapham  for  scientific 
accuracy,  not  only  increases  the  value  of  this  gift,  but 
makes  it  highly  desirable  that  its  publication  be  not  delayed. 
Although  not  strictly  of  a  geological  character,  yet  it  comes 
within  the  scope  of  the  survey  and  is  herewith  presented. 

A  great  many  individuals  have  aided  in  the  prosecution 
of  the  survey  during  the  past  season.  Of  these,  I  can 
name  Prof.  Ira  Moore,  of  St.  Cloud,  who  has  also  donated 
to  the  University  Museum  a  number  of  interesting  fossils 
and  minerals  from  various  localities;  W.  Z.  Haight,  of 
Delevan,  who  has  taken  great  interest  in  the  peat  investiga- 
tions, and  has  furnished  much  information  on  the  manu- 
facture  of  peat  in  Faribault  county ;  Gov.  Stephen  Miller, 
of  Windom ;  I.  J.  Rochussen.  of  St.  Paul ;  Park  Worden, 
of  Minnesota  Falls ;  Henry  Hill  and  A.  J.  Luce,  of  Granite 
Falls,  and  Capt.  H.  H.  Herrick,  of  DeGraff,  D.  C.  I  am 
also  under  many  obligations  to  the  citizens  of  Cottonwood, 
Nobles  and  Jackson  counties,  for  assistance  in  making  the 
peat  survey  of  those  counties. 

In  the  examination  ot  the  Minnesota  Valley  I  was  accom- 
panied as  far  as  to  Mankato,  and  thence  up  the  Blue  Earth 
to  Wells,  by  Mr.  P.  P.  Furber,  a  student  in  the  Univer- 
sity. From  Mankato  to  the  head  of  Big  Stone  Lake,  Mr. 
C.  E.  Chatfield,  also  a  student  in  the  University,  was  my 
only  companion.  The  assistance  of  these  young  men  con- 
tributed  greatly  to  the  thoroughness  and  success  of  the 
exploration  of  that  valley.  We  depended  on  the  scattered 
inhabitants  for  sustenance,  and  traveled  with  a  single  horse 
and  light,  covered  wagon.  At  night  we  usually  slept  in 
our  tent,  camping  near  some  farmer  of  whom  we  obtained 
meals. 

Very  respectfully, 

N.  H.  WINCHELL. 
Tbdb  University  of  Minnesota,  ) 

Minneapolis,  Dec.  31, 1878.      > 
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THE  BELLE  PLAINE  SALT  WELL. 


(a)     General  Section  of  the  Well. 

The  report  on  the  Belle  Plaine  Salt  Well,  which  was 
printed  by  order  of  the  Senate,  in  Jan.  1872  [Ex.  Does,  of 
Minn,  for  1872,  toI.  I.  p.  44]  covered  only  that  part  of  the 
drill  above  210  feet,  and  pertained  only  to  the  drift  mate- 
rials, or  to  the  deposits  overlying  the  Silurian  rocks.  There 
are  some  reasons  for  believing  a  portion  of  the  loose  mate- 
rials passed  through  in  that  distance  belong  to  the  Creta- 
ceous. It  is  known  that  some  portions  of  that  formation 
oonsist  of  loose  materials,  and  they  may  be  mistaken  for 
drift,  especially  in  a  region  where  the  soft  rocks  of  that  age 
are  not  known  to  exist,  by  workmen  who  are  not  exact  ob- 
servers, but  are  prone  to  classify  the  rocks  they  happen  to 
encounter  according  to  their  visible  characters  and  the  ease 
with  which  they  are  penetrated.  The  occurrence  of  occa- 
sional vegetable  fragments  is  further  evidence  of  the  pre- 
glacial  age  of  those  materials.  Since  that  report  was  made 
the  well  has  been  sunk  to  the  depth  of  710  feet. 

The  section  of  the  well  is  thus  described  by  Mr.  P.  M. 
Barker,  who  superintended  the  work : 

SnrfhceaBd  drift. • 216  fset 

Potsdam  sandrock ••••. 16  <* 

Ochreous  shale ••••. 10  <* 

Boapstooe,  variegated  and  mottled*. 40  ** 

Semi-igneoiis  fonnation.. 108  <* 

Eed  shale  or  marl 6  *< 

Igneous  formation «•  814  ^ 

Total  depth  of  weU 710    « 
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(b)    Notes  and  Letter  of  A.  Winchett. 

In  July,  1872,  samples  of  the  preserved  drillings  from 
depths  from  242  feet  to  411  feet  were  forwarded  to  Prof.  A. 
Winchell,  for  examination.  His  notes  and  accompanying 
letter  to  Gov.  Austin  are  as  follows : 

At  depth  of  242  ft.— Highly  magnesian  clays— purple  and  speckled,  with 
white— mostly  without  siliceous  erralns.  Generally  no  condu- 
sive  evidence  for  deciding  whether  drift  or  in  place.  On  the 
whole,  I  think  the  fragments  are  flrom  a  formation  in  place. 
One  of  them  contains  a  few  quarteose  grains,  and  has  a  deci- 
dedly metamorphiclook.  All  the  specimens  resemble  softened 
porphyries. 

ZB8  ft.— A  mass  of  granules  or  chips,  similar  to  above,  but  more  uniform- 
ly red,  and  less  unctuous.  All  crush  under  the  knife  and  ex- 
hibit a  streak  lighter  than  the  mineral— sometimes  grayish. 

380  ft.— Fragments  still  more  like  (242-282)  but  less  unctuous.  A  broken 
crystal  of  calcite. 

885  ft— Fragment  (nearly  a  cubic  inch)  of  a  rock,  composed  apparently 
of  reddish  clay  and  a  white  mineral,  like  magnesia  or  kaolin 
intimately  mixed.  The  white  mineral  tending  in  places  to 
veins.    The  aspect  is  decidedly  that  of  a  rock  in  place. 

S90  ft.— Fragments  like  (880)  but  with  more  calcite,  and  one  slightly  pol- 
ished fragment  of  glassy  quartzite. 

398  ft.— Almost  identical  with  (8J0).  From  the  same  depth,  however', 
is  a  lump  of  adhesive  clay,  which  is  evidently  produced  by 
grinding  up  rock  like  (242*282). 

400  ft.— Essentially  like  (242-282). 

405  ft.— Essentially  the  sai^e — with  one  fragment  of  quartz. 

409  ft.— Same. 

411  ft.— Same. 

There  is,  in  addition,  a  parcel  of  fragments  from  some 
depth  not  indicated.  Their  general  character  is  like  that  of 
(242-282).  It  is  easy  to  see  that  one  of  them  is  a  brecoi- 
ated  rock  composed  of  fragments  of  argillaceous  character 
and  quite  soft.  One  is  unequally  cemented  by  a  deposit 
of  calcite. 

From  an  examination  of  the  specimens  and  a  study  of 
everything  that  has  been  written  which  could  bear  upon 
the  question,  I  am  led  to  think  the  rocks  now  being  bored 
through,  belong  to  the  sub-silurian  series — ^probably  equiva- 
lent to  the  quartzite  and  pipestone  outcropping  about  New 
Ulm  and  in  Pipestone  county,  Minnesota.  (White,  lo.  Bep. 
I,  pp.  169,  170;  Shumard:  0«?en'8  Bep.  p.  49U) 

LETTEB  TO  GOV.  AUSTIN. 

Ann  Arbor,  Mich.,  12  Aug.  1872. 
Oav.  Horace  AttstiUi  St.  Paul^  Minn.t 
Sib  :    Yours  of  the  24th  of  July  was  found  awaiting  ma 
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on  my  retarn  from  the  east,  though  the  case  of  specimens 
did  not  arrive  until  August  5th,  when  I  was  prostrated  by 
an  obstinate  fever,  which  has  continued  for  a  week.  Im- 
proving such  opportunities  as  I  have  had,  I  have  made  a 
pretty  thorough  physical  examination  of  the  specimens  and 
reviewed  all  that  has  been  published  on  the  question  of 
their  identification  and  their  relations  to  the  geology  of 
Belle  Plaine,  and  I  would  respectfully  report  as  follows : 

1.  Neither  your  note  nor  the  accompanying  one  from 
Mr.  Hooper  intimates  whether  the  materials  passed  through 
below  200  feet  are  wholly  of  the  kind  sent,  or  whether  these 
fragments  and  masses  were  found  mixed  with  much  clay 
and  sand,  and  even  hard  pebbles. 

I  infer,  however,  from  an  inspection  of  the  specimens, 
that  they  are  samples  of  rocky  strata  found  in  place. 

At  the  same  time,  their  uniform  softness,  for  200  feet,  is 
very  remarkable,  and  would  suggest  that  the  drill  is  passing 
through  strata  which  are  highly  tilted, 

2.  Mr.  Hooper  informed  me,  last  year,  that  at  202  feet 
a  shelly  rock  had  been  reached,  which,  at  210  feet,  became 
solid  sandstone  and  constituted  a  bed*rock.  I  inferred 
that  this  was  the  Potsdam  Sandstone,  and  still  think  that 
whatever  there  was  of  it,  belonged  to  that  formation. 
Between  210  and  242  ieet,  I  have  no  information;  and  it 
appears  that  the  sandstone,  [a  lower  sandstone  than  that  at 
St.  Paul,]  was  completely  pierced  in  that  interval  or  less. 
The  old  well  was,  therefore,  very  near  the  bottom,  or  perhaps 
quite  at  the  bottom  of  the  sandstone.  The  ancient  valley  of 
the  Minnesota  river,  which  probably  once  discharged  the 
waters  of  a  much  wider  hydrographic  basin,  was  eroded 
completly  to  the  sub-silurian  rocks. 

8.  These  sub-silurian  rocks  are  very  remarkable.  All 
the  samples  are  agillo-magnesian,  mostly  fine-grained,  unc- 
tuous, sometimes  lined  and  frequently  speckled  with  a  white 
mineral  like  magnesia  or  kaolin.  They  present  almost  no 
grains  of  quartz,  but  sometimes  inclose  crystals  and  seams 
of  calcite.  The  color  is  reddish  and  purplish.  Viewed 
without  a  test  lor  hardness,  they  look  like  vitreous  porphyry. 
I. am  led  to  think  they  represent  the  formation  known  to 
outcrop  at  New  Ulm  and  in  Pipestone  county.  These  clays, 
in  fact,  are  substantially  the  catlinite  or  <*pipestone"  so  well 
known  in  that  county. 

4.    If  these  conclusions  are  correct,  there  is  no  hope, 
either  of  salt  or  a  well  of  fresh  water,  by  boring  deeper, 
and  not  another  dollar  ought  to  be  expended  in  this  hope. 
11 
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5«  It  will  be  noted  that  my  recommendation  in  my  for- 
mer report  suggested  the  propriety  of  boring  onlt/  to  the 
bottom  of  the  Potsdam  Sandetonen  As  there  intimated,  there 
are  certainly  many  regions  in  Minnesota,  where  a  well 
bored  to  the  bottom  of  this  formation,  would  prove  to  be 
artesian.  Belle  Plaine,  as  I  feared,  does  not  prove  to  be 
favorably  located.  Places  suitable  for  borings,  at  public 
expense,  ought  to  be  intelligently  selected,  without  any 
regard  to  the  interests  of  localities,  and  the  State  ought  not 
to  be  committed  to  unwise  expenditures  by  the  precipitate 
and  ill-advised  enterprise  of  smart  business  places. 

Lest  this  remark,  however,  should  be  thought  to  apply 
too  severely  to  Belle  Plaine,  I  ought  to  add  that  considerable 
reason  existed  for  boring  at  that  place — though  by  no  means 
as  good  reason  as  many  supposed.  The  tault  committed 
here,  as  in  so  many  other  cases,  was  an  attempt  to  proceed 
independently  of  geological  knowledge  in  the  beginning, 
and  to  call  for  scientific  aid,  not  so  much  to  guide  an  impor- 
tant enterprise,  as  to  help  it  out  of  difficulty. 

Very  respectfully, 

A.  WINCHELL. 

(c)    Jfotes  and  Report  ofN.  H.  Winchell. 

In  February,  1878,  the  writer  had  occasion  to  further  ex- 
amine this  well,  under  verbal  instructions  from  Gov.  Austin. 
Samples  preserved  by  the  owners  from  below  the  depth  of 
411  feet,  were  found  to  have  the  following  external  charac- 
ters. The  memorandum  is  here  given,  as  well  as  the  report 
subsequently  made  to  Gov.  Austin,  in  order  to  preserve  to 
science  the  record  of  the  drill,  and  to  complete  the  history 
of  the  exploration : 

At  420  ft.— Ferruginous  qnartzlte,  with  a  considerable  admiztnre  of  light' 
colored,  softer,  apparently  talcose  fragments.  The  qaartzite 
is  hard,  and  yery  impure.  The  talcose  fragments  are  either 
nearly  white  or  speckled  with  msty  and  black  spots.  There 
are  also  in  the  drillings  pieces  of  calcite,  a  soft,  greenish 
substance  that  may  be  silicate  of  iron,  and  occasional  fhig- 
ments  of  translucent  quartz,  either  white  or  slightly  tinted 
with  yellow  or  with  green. 

At  430  ft.— A  mixture  of  dark  brown  or  reddis^  silicates,  strongly  ferm- 
ginons,  with  slight  traces  of  mica  and  some  pieces  of  calcite. 
Some  of  it  appears  conglomeritic,  or  tufbceous.  It  is  subt- 
ly unctuous  in  the  fingers,  and  some  of  it  is  real  iron  ore. 
The  light-colored  pieces  of  the  last  (420  feet)  are  rarely  seen. 
There  are  in  it  occasionrl  greenish  pieces  of  quartz.  It  is 
evidently  a  metamorphosed  sedimentary  rock. 
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At  440  It^A  ferrngiooQS,  noctnons  shale,  with  veiy  little  grit.  It  some-' 
times  is  spotted  with  a  white  substance  abont  as  hard  as 
talc,  which  has  a  greasy  feel.  This  white  substance  seems 
to  be  the  same  as  mentioned  in  the  foregoing.  It  is  some* 
times  mlnntcly  disseminated  among  the  ferrnginons  portions. 
When  then  mbbed  in  the  fingers,  a  msty  or  irony  stain  cor« 
ers  the  whole.  Some  of  this  is  plainly  slliceoas  and  mica« 
ceoos. 

At  460  ft.— Abont  the  same  as  at  480  ft.  bnt  darker  colored  and  less  firm 
in  the  fingers.    It  is  plainly  micaceoos. 

At  460  ft.— Dark  greenish-brown,  micaceous  silicates;  hard  and  compacts 
Not  evidently  nnctnons.    No  ftldspar  is  discernible. 

At  470  ft. — A  talcose,  ferrnglnous  shale,  of  a  reddish-brown  color,  with 
occasional  pieces  of  greenish  silicates.  In  this  lot  there  are 
also  several  pieces  of  evident  flesh-colored  feldspar. 

At  480  ft. — ^A  mixture  of  ferruginous  silicates  with  some  mica  and  tale 
and  calclte ;  with  occasional  pieces  also  of  the  soft,  greenish 
substance  mentioned  at  430  feet.  The  last  is  softer  than 
calclte.  The  general  color  of  the  whole  is  dark  red  of 
brown. 

At  490  ft— The  same  as  at  480  feet 

At  500  ft— The  same  as  at  480  feet. 

At  510  ft— The  same  as  at  480  feet,  but  more  friable,  apparently,  as  the 
sample  is  in  the  form  of  sand.  There  are  also  in  this  lot 
several  large  Aragments  of  ferruginous  shale,  which  have  a 
greasy  feel,  probably  broken  from  the  overlying  beds  by  the 
bucket  and  brought  up  with  the  drillings. 

At  520  ft. — ^A  very  dark,  ferruginous  mixture  of  the  various  slllcateSi 
including  the  light  green  soft  substance,  resembling  silicate 
of  iron.    This  last  also  resembles  talc,  and  is  as  soft. 

At  580  ft.— A  red  arenaceous  shale,  with  some  talc  and  calclte,  and  also 
flragments  of  flesh-colored  feldspar. 

At  540  ft.— The  same  as  at  580  feet. 

At  550  ft.— Fragments  of  dark  red,  coarse  shale,  like  the  last,  and  of  a 
darker  slightly  greenish  shale,  that  appears  as  if  originally 
amygdaloldal,  the  cavities  having  been  subsequently  flUed  by 
the  soft  green  substance  mentioned  at  520  ft.  This  latter 
mass  is  sometimes  closely  mixed  with  small  geodes  with 
msty  exterior. 

At  670  ft.— A  dark  brown  shale,  like  the  dark  shale  in  the  last,  closely 
mingled  with  the  soft,  greenish  (silicate  of  iron?) 

At  580  ft.— The  same  as  at  570  feet 

At  590  ft.— The  same  as  at  570  feet,  but  showing  a  little  more  red,  and 
also  evident  pieces  of  calclte. 

At  600  ft— The  same  as  at  590  feet,  but  with  increasing  quantities  of  the 
greenish,  soft  substance. 

'ax  614  to  620  ft.— A  mixture  of  the  various  silicates  with  considerable 
iron,  the  quartzltic  characters  being  much  more  evident  than 
at  570  feet.    It  Is  also  firmer- hardly  a  shale. 

At  620  ft— The  same  as  the  last 

The  well  is  said  to  be  710  feet  in  depth,  and  the  opinion 
is  prevalent  that  there  was  no  change  from  620  feet  to  that 
depth.  As  there  are  no  preserved  samples  below  620  feet, 
it  is  also  probable  that  there  was  no  marked  change  in  the 
rock.  If  that  be  correct,  it  gives  a  thickness  of  292  feet  of 
rock,  which  may  all  be  classed  as  a  siliceous,  unctuoue 
shale,  highly  ferruginous,  and  sometimes  amygdaloidal,  va« 
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lying  to  a  micaceous  quartzite.  It  seems  to  be  a  metamor- 
phosed sedimentary  rock,  lying  below  both  the  St.  Croix 
Sandstone  and  the  Potsdam  Sandstone. 

On  the  basis  of  these  notes  was  made  the  following  re- 
port I 

report  to  ooyernor  austin. 

The  University  op  Minnesota, 

St.  Anthony,  Minn., 
8th  Feb.  1873 

Oov.  Hnrace  Austin^  8t.  Paul^  Minn. : 

According  to  verbal  instructions  from  you,  given  on  the 
6th  instant,  I  proceeded  yesterday  to  Belle  Plaine,  for  the 
purpose  of  making  examination  of  the  premises  and  the  pre- 
served samples  of  the  drillings  from  the  well  sunk  at  that 
place,  for  testing  the  rocks  for  brine.  The  object  of  my 
visit  was  to  ascertain  the  propriety  of  further  expenditure 
by  the  State  at  that  point,  either  for  the  purpose  of  proving 
the  rock  further  for  brine,  or  for  purely  scientific  results. 

I  did  not  enter  into  a  careful  examination  of  the  derrick 
and  machinery,  but  suppose  them  to  be,  as  represented,  in 
perfect  order,  and  ready  for  operation  at  any  time.  The 
springs  that  are  said  to  be  briny  are  situated  near  the 
drilled  well.  I  obtained  a  sample  of  the  water  for  analysis. 
To'the  taste  it  does  not  show  brine,  but  a  careful  examina- 
tion may  prove  it  to  hold  a  small  amount  of  salt.*  These 
springs  issue  from  the  base  of  the  drift  bluffs  that  enclose 
the  river  valley,  and,  according  to  all  the  information  I 
could  gather,  are  dependent  altogether  on  the  surface  de- 
posits for  their  supply.  The  owners  of  the  well  also  say 
they  have  met  no  indications  of  brine  in  the  well  since  they, 
struck  the  rock,  but  that  at  varying  depths  in  the  drift  ma- 
terials, the  water  pumped  out  showed  more  or  less  saline 
property.  The  drift  materials  are  said  to  have  proved  to  be 
there  216  feet  in  thickness. 

The  preserved  drillings  which  I  examined  pertain  to  that 
part  of  the  well  below  420  feet,  and  I  can  report  only  on 
that  portion  of  the  well.  They  extend  moreover  only  to  the 
depth  of  620  feet.  The  well  is  said  to  be  710  feet  deep. 
Without  entering  into  details  as  to  the  character  of  those 
drillings,  a  matter  that  will  find  place  in  my  next  annual 

t  See  th«  raport  of  Prof.  Peckham. 
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report,  I  may  say  that  they  consist  in  general  of  a  sili« 
ceous,  apparently  talcose,  shale,  varying  to  a  micaceous 
quartzite.  It  seems  the  whole  thickness  covered  by  the 
drillings  I  saw,  is  taken  up  with  a  metamorphosed  sedi- 
mentary rock  that  lies  below  the  St.  Croix  Sandstone,  and 
also  probably  below  the  Potsdam  Sandstone.  Hence  the 
bottom  of  the  well  is  in  the  Huronian  slates  and  schists,  but 
has  not  yet  struck  the  granite.  In  this  statement  it  is  pre- 
sumed that  the  interval  unrepresented  by  drillings  (from 
620  feet  to  710  feet)  is  filled  up,  according  to  the  opinion 
of  the  owners,  by  the  same  general  class  of  rocks.  I  have 
no  hesitation  in  saying  that  in  the  rocks  of  that  age  there  is 
almost  a  certainty  that  no  salt  would  be  obtained,  and  that  no 
lower  formation  would  ofer  better  inducement  to  sink  the  well 
deeper. 

The  only  other  reason  for  sinking  the  well  deeper  is  on 
purely  scientific  grounds,  viz. :  to  ascertain  the  character  of 
the  rock  below  the  present  bottom  of  the  well. 

In  respect  to  this  I  wish  to  say : 

First. — The  well  is  not  located  where  the  most  light 
could  be  thrown  on  the  geology  of  the  state  by  such  an 
exploration.  There'  are  vast  districts  where  even  the 
nature  of  the  outcropping  rock  at  the  surface  is  unknown, 
to  say  nothing  of  those  that  succeed  it  in  descending  order. 
The  geology  of  the  vicinity  of  Belle  Plaine  is  pretty  well 
made  out,  especially  in  the  light  of  the  developments  of 
this  well. 

Second. — The  rocks  that  would  succeed  that  in  which  the 
drill  stopped  would  be  best  examined  where  they  are  abun- 
dantly exposed  at  the  surface.  They  belong  to  the  class  of 
**granitic  and  metamorphic"  rocks,  colored  on  my  prelim- 
inary geological  map  of  the  state,  and  our  knowledge  of 
them  is  at  present  so  limited,  that  before  their  natural  out-^ 
crops  are  examined  carefully,  it  is  not  certain  that  we 
should  derive  satisfactory  and  useful  information  of  their 
nature,  by  sinking  a  drilled  well  through  them,  or  into 
them.  They  are  the  rocks,  moreover,  that  are  least  likely 
to  need  such  exploration,  on  account  of  their  being  exten- 
sively tilted  and  broken  by  early  volcanic  forces  so  as  to 
expose  their  thickness  and  contents  to  the  inspection  of  the 
geologist. 

Third. — ^It  cannot  be  denied  that  the  science  of  geology 
might  be  considerably  advanced  by  sinking  this  well  deeper, 
presuming  all  the  time  that  careful  records  be  kept  and 
samples  be  submitted  to  a  geologist  for  examination.    It  \» 
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at  the  same  time  certain  that  do  important  question,  inrol- 
ving  the  geology  ot  the  state,  ie  pending  on  what  might  be 
developed. 

The  question  may  arise — if  there  is  salt  in  the  water  at 
Belle  Plaine,  what  ie  its  source,  and  can  it  be  made  jsefulT 
If  there  be  salt  in  the  spring  water  there,  it  must  issue 
from  some  part  of  the  drift.  It  may  be  derived  at  first  ' 
from  some  of  the  underlying  formations,  as  the  St.  Croix 
Sandstone,  or  the  Lower  Mognesian  Limestone,  or  it  may 
come  from  the  Cretaceous,  which  lies  in  many  places  udooo- 
formably  on  all  the  older  rocks,  but  is  generally  deeply 
covered  by  drift.  In  either  of  these  cases  it  would  be  beet 
and  soonest  developed  by  drilling  at  some  point  east  of 
Belle  Plaine,  say  fifteen  miles,  as  the  rocks  dip  in  that 
direction.  The  annexed  diagram  illustrates  the  situation 
of  the  well  drilled,  in  respect  to  the  rocks,  and  shows  the 
positions  of  the  formations  and  their  dip.  None  of  these 
formations,  however,  are  known  to  contain  brine  in  this 
country,  if  we  except  doubtfully  the  Cretaceous,  while  yet 
it  is  theoretically  true  that  any  sedimentary  formation,  if 
porous,  may  hold  brine,  if  bo  shaped  (hat  it  has  not  drained 
out. 

DIAQRAH  OF  THE  OEOI^OGIOAI.  BELATIONB   OF  THE  BBIJiB 
FLAINE   SALT  WEUJi. 


No.  t— OriMcaOU.     So.  4.  Bt  (^li  SandstoDt.       So.  6.— Helunarphlc  ud  (IruUla 

In  conclusion,  I  am  at  present  of  the  opinion  that  if  there 
be  salt  in  the  springs  at  Belle  Plaine,  it  is  derived  from  the 
Cretaceous  rocks,  but  manifests  itself  in  the  drift  at  the  base 
of  the  river  bluff's,  because  the  surface  drainage  is  in  that 
direction,  there  being  a  slow  but  constant  loss  of  brine  by 
that  means.     This  subject  ought  to  have  early  attention. 
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I  wish  to  call  your  attention  to  the  necessity  of  combin- 
ing the  records  and  minutes  made  prior  to  the  depth  of  420 
feet,  with  those  I  have  made  on  the  drillings  below  420  feet, 
so  tiiat  the  whole  be  preserved  to  science.  The  owners 
think  those  samples  were  forwarded  by  you  t6  Ann  Arbor, 
Michigan,  and  that  a  letter  from  my  brother  to  you  has 
some  mention  of  them.* 

Very  respectfully, 

N.  H.  WINCHELL. 

The  Uniyersitt  of  Minnesota, 
February  16,  1874. 

Ftof.  N.  H.  Winchell: 

My  Deab  Sib  : — In  answer  to  your  enquiry  in  reference 
to  the  progress  of  the  analysis  of  the  Belle  Plaine  water,  I 
have  to  report,  that  while  the  work  is  not  yet  completed, 
enough  has  been  done  to  show  that  it  contains  only  a  small 
proportion  of  chlorides  of  any  kind,  and  also  to  justify  the 
statement  that  the  brine  belongs  to  the  class  of  <<  bitter 
brines,"  containing  more  sulphates  than  chlorides,  and  a 
larger  proportion  of  alkaline  earths  (lime  and  magnesia) 
than  alkalies  (soda  and  potash. )  I  have  found  nothing  as  yet 
in  my  examination  of  this  mineral  water  to  justify  the  ex- 
pectation that  it  can  be  made  of  any  commercial  value  as  a 
source  of  common  salt. 

Very  truly  yours, 

S.  F,  PECKHAM, 
Chem.  Geol.  Surrey,  Minnesota. 

*  Thia  letter  has  alretdy  been  given— See  p.  80. 


88  ANKIJAL  REPORT. 


II. 


PEAT. 


(a)     JiTeed  of  Fuel — Objects  of  the  Peat  Survey. 

The  absence  of  wood  and  coal  from  a  large  part  of  the 
settled  portions  of  the  State^  and  the  consequent  high  price 
of  fuel  for  domestic  use,  induced  the  last  Legislature  to  in- 
sert a  clause  in  the  **  act  to  aid  the  Geological  and  Natural 
History  Survey,"  requiring  the  immediate  survey  of  the 
peat  deposits  of  the  State,  a  report  on  the  same  to  be  made 
to  the  Legislature  as  soon  as  practicable.  In  that  way« 
it  was  hoped  that  a  good  fuel  might  be  obtained,  practicable 
for  all  the  common  uses  of  the  settler ;  and  that  a  great 
many  of  the  hardships  oi  the  first  settlers  ot  the  prairies  of 
the  State  would  thus  be  relieved.  While  this  law  was  not 
intended  to  work  a  suspension  of  the  other  geological  inves- 
tigations required  by  the  general  law  creating  the  survey, 
its  immediate  and  practical  importance  has  nevertheless  con- 
trolled the  course  taken  in  the  roi'tes  of  exploration,  and 
absorbed  much  of  the  time  throughout  the  whole  season. 

Allied  to  the  subject  of  peat  is  that  of  coal.  It  was 
deemed  best  that  the  two  should  be  prosecuted  together,  es- 
pecially as  the  locality  of  the  rumored  coal  exposures  coin- 
cided with  that  of  the  greatest  need  for  fuel,  and  again  with 
that  in  which  peat  was  supposed  to  exist.  The  southwestern 
quarter  of  the  State,  including  the  Minnesota  valley  and 
those  of  some  oi  its  tributaries,  have  occupied  the  principal 
part  of  the  season.  In  addition  to  these  explorations,  the 
counties  of  Cottonwood,  Jackson  and  Nobles  have  been 
pretty  thoroughly  surveyed  for  peat.  The  northeastern 
portion  of  Jackson  and  the  northwestern  portion  of  Cotton- 
wood should  be  further  examined.  The  question  of  the 
occurrence  of  coal,  and  its  origin  and  nature,  is  mentioned 
under  the  head  of  <  *  The  Economical  Geology  of  the  Min- 
nesota Valley.'* 
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(b)     The  Varieties  of  P&a. 

In  order  to  a  perfect  understanding  of  that  which  follows, 
it  will  be  well  to  mention  the  different  varieties  of  peat, 
briefly  describing  the  nature  and  habitat  of  each,  and  the 
terms  by  which  they  will  be  designated.  The  different 
products  of  a  vegetable  nature  that  have  attracted  attention 
under  the  general  term  pecU^  and  have  served  to  some  extent 
for  fuel  in  the  State,  may  be  classified  as  follows  : 
.    1.    Slough  peat. 

2.  Side-hill  peat. 

3.  Turf-peat. 

4.  Turf. 

Only  to  the  fiist  two  of  these  is  the  term  *'peat"  properly 
applied,  yet  among  the  common  people  they  are  all  fre- 
quently embraced  under  that  term. 

1.  Slough  JPeatj  is  that  which  is  found  in  low  ground, 
occupying  the  lowest  spots  in  old  drainage  courses  which 
are  now  either  entirely  destitute  of  currents  of  running 
water,  or  are  only  filled  in  the  wet  seasons  of  the  year,  or 
occurring  in  the  depressions  among  the  drift  hills  or  knolls, 
the  slow  drainage  from  which  prevents  the  accumulating 
water  from  standing  for  too  great  a  length  of  time  above 
the  usual  level.  In  southwestern  Minnesota  such  peat  must 
be  so  situated  also  that  the  slough  which  holds  it  never 
becomes  dry,  else  the  prairie  fires  will  certainly  consume 
it.  Hence,  the  necessity  of  constant  springs  of  water  to 
supply  the  slough  in  the  dry  months  of  the  year.  This 
again  implies  that  the  surface  of  the  country  must  be 
rolling,  at  least  that  some  bluffs  of  drift  gravel  must  lie 
adjacent  to  the  slough  to  give  origin  to  springs  of  water. 
These  springs  are  very  often  invisible.  Their  existence  may 
be  known,  however,  by  the  standing  of  the  water  of  the  slough 
at  the  same  level,  even  in  the  dryest  seasons.  In  case  such 
peat  lies  in  an  old  drainage  course  which  shows  no  great 
flow  of  water  in  the  dry  season,  the  low  spots  containing 
it  are  still  supplied  with  water  enough  to  preserve  the  peat, 
by  the  slow,  invisible,  underground  drainage  pertaining  to 
the  valley.    These  correspond  to  the  German  Wiesenmoore. 

The  primary  and  essential  ingredient  that  goes  to  form 
this  kind  of  peat  is  a  fine  moss  that  grows  over  the  surface 
of  the  bog,  among  the  coarse  stalks  of  other  vegetation, 
such  as  grasses  or  rushes,  making  a  handsome  green  sur- 
face. At  a  distance  this  moss  cannot  generally  be  seen.  It 
is  hid  by  the  coarser  vegetation.    Besides  this  moss,  the 

12 
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roots  and  decayiDg  stems  of  the  grasses  and  other  aquatic 
plants  that  may  grow  in  the  slough,  also  aid  in  the  peaty 
accumulation.  This  moss  is  Sphagnum  palustre^*  and  the 
aquatic  plants  that  accompany  and  hide  it  are  bulrush 
(JScirpus)^  scouring  rush  {JEquiseium)^  a  short  <* blue-joint'^ 
grass,  and  occagfionally  the  cat-tail  {Typha  laiifolid) ^  and 
species  of  Polygonum^  and  some  others. 

There  is,  besides  the  typical  moss  peat  of  the  sloughs,  a 
pulpy  deposit  in  the  bottoms  of  many  small  lakes  and  ponds ' 
derived  from  the  coarse  grasses  and  sedges  that  grow  about . 
their  margins,  which  consists  principally  of  vegetable  mat- 
ter, and  if  treated  properly  will  make  a  useful  fuel.  It  is 
in  the  form  of  a  fine  silt,  and  is  usually  too  limited  in  quan- 
tity, and  too  impure  in  quality  to  be  very  valuable.  It  is 
apt  to  be  most  abundant  on  the  leeward  side  of  the  lake, 
where  the  prevailing  winds  have  driven  it,  and  the  waves 
have  beaten  and  broken  it.  This  corresponds  to  the 
SchlammtorJ  of  Holland. 

2.  Side-hill  PeaL — ^This  is  formed  on  the  side  of  a 
gentle  declivity  where  springs  of  water  furnish  the  neces- 
sary constant  moisture.  It  is  apt  to  accompany  those 
springs  that  lie  in  belts,  marking  the  outcropping  up- 
per edges  of  shale  beds  or  other  impervious  rock.  It  is 
composed  of  the  same  materials  as  slough  peat,  but  is  more 
liable  to  be  impure,  from  the  sand  and  dust  that  are  car-^ 
ried  upon  it  by  the  high  winds  of  the  plains.  Such  peat 
may  accumulate  to  the  depth  of  six  or  eight  feet.  It  is  far 
less  common  in  southwestern  Minnesota  than  slough  peat. 
It  requires  also  a  rolling  surface  that  may  give  rise  to  un- 
failing springs.  Many  springy  side-hills  that  in  a  moister 
climate  would  become  peat-bearing,  dry  up  in  summer  ta 
such  an  extent,  in  southwestern  Minnesota,  that  no  aquatic 
plants  can  survive,  and  no  peat  can  be  formed  on  them. 

3.  Turf -PeaL — ^This  is  formed  of  the  roots  and  fallen 
stalks  and  blades  of  the  rank  grasses  and  sedges  that  grow 
in  the  shallow  sloughs,  or  about  their  margins,  in  situations 
moist  enough  to  resist  the  prairie  fires.  It  is  found  some* 
times  on  a  side  hill  or  in  a  narrow  ravine  or  inclined  slough 
through  which  there  is  a  slow  seepage  of  water.  It  is  al- 
ways more  impure  than  the  foregoing  varieties,  and  becomes 
mixed  with  sand  and  black  mud  below  the  depth  of  12  or 
18  inches,  so  as  to  render  it  unfit  for  use.  It  is  always 
fibrous  and  conveniently  handled.     Owing  to  its  being  so 

^  This  kibe  oonmon  tenn.    Dr.  0.  i.  WbiU  hai,  boweTer,  glTtn  the  nane  ffffpmmm 
a4imi€um  lo  tbt  ptal  smmi  of  lows. 
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hard  as  to  support  the  weight  of  a  man,  or  often  of  a  team^ 
in  the  dry  months  of  the  year,  its  accessibility  and  the  ease 
of  taking  it  out  by  simple  means,  it  is  probably  the  most 
useful  variety  of  peat  to  the  farmers  of  southwebtern  Min- 
nesota. It  is  also  the  most  common.  In  yery  dry  seasons 
the  fires  get  into  this  turf-peat  and  consume  vast  quantities, 
burning  for  several  weeks,  or  even  till  mid-winter.  It  is 
invariably  found  about  the  margins  of  the  little  depressions 
in  the  general  prairie  which  contain  water  in  the  spring  of 
the  year,  but  become  nearly  or  quite  dry  in  the  summer. 
The  peat  itself  is  annually  submerged  for  several  weeks  in 
the  spring.  It  lies  on  a  hard  and  impervious  drift  clay, 
which  is  generally  very  fine,  and  blackened  to  the  depth  of 
a  foot  or  more  by  the  charred  vegetation  of  many  genera- 
tions. 

4.  Turf. — This  is  the  common  sod  of  the  prairie.  It 
passes  into  the  last.  It  is  made  of  the  prairie  grass  roots, 
and  those  of  other  vegetation  that  may  grow  there.  In  dry 
sloughs,  that  furnish  a  fine  growth  ot  hay  annually,  it  is- 
sometimes  fit  for  fuel,  but  it  rarely  becomes  thick  enough 
to  make  it  of  much  use  for  that  purpose.  It  always  con- 
tains considerable  sand  and  clay. 

(c)     The  QualilT/  of  Minnesota  Peats. 

There  is  nothing  in  Minnesota,  so  far  as  yet  discovered, 
that  answers  to  the  extensive  moors  or  heathers  of  the 
moist  climates  of  Ireland,  Holland  and  North  Germany. 
They  occur  on  the  northeast  coast  of  North  America,  in 
Labrador,  Newfoundland  and  Anticosti,  where  the  sum- 
mers are  not  so  excessively  warm,  and  where  frequent  fogs 
give  the  atmosphere  that  state  of  moisture  which  the  peat 
mosses  require.  Along  the  low  lands  on  the  south  coast 
of  Anticosti  **  a  continuous  plain  covered  with  peat  ex- 
tends for  upwards  of  eighty  miles  with  an  average  breadth 
of  two  miles ;  thus  giving  a  superficies  of  more  than  a 
hundred  and  sixty  square  miles. ''*<  It  has  a  thickness  of 
three  to  ten  feet.  In  the  wooded  portions  of  the  State  the 
peat  deposits  are  likely  to  be  made  up  of  more  or  less  coarse 
vegetation,  such  as  deciduous  leaves,  and  the  stems  and 
roots  of  various  ericaceous  plants.  In  the  extensive  peat 
deposits  of  the  old  world  th^  vegetable  fiber  is  entirely  de- 
stroyed below  a  depth  of  ten  or  fifteen  fjpet,  and  the  peat 
has  a  compact,  earthy  texture,  and  ^a  black  or  brown  color. 

*  Q«olog7  of  Canadft,  1808. 
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The  peat  deposits  of  Minnesota  are,  so  far  &s  known,  too 
shallow  to  exhibit  this  perfect  decomposition,  and  hence, 
they  are  generally  distinctly  fibrous  from  top  to  bottom. 
In  the  lower  portions  of  the  deep  peat  bogs  of  Ireland  the 
per  cent,  of  ash  is  much  greater  than  near  the  surface,  reach- 
ing sometimes  as  high  as  nineteen  per  cent,  those  portions 
near  the  surface,  which  contain  the  vegetable  matter  but 
little  altered,  affording  but  one  and  a  half  per  cent.  Thus, 
while  the  density  of  peat,  and  hence  its  usefulness  for  domes- 
tic fuel,  are  enhanced  by  the  greater  depth,  its.  combusti- 
bility and  its  purity  are  diminished.  The  superficial  layers 
have  nearly  the  same  composition  as  wood.  The  foriegn 
substances,  that  constitute  the  ash  of  the  lower  portions,  a)re 
lime,  silica,  iron  and  clay.  The  lime  is  derived  from  the 
Bmall  shells  that  often  inhabit  the  bog,  and  which  sometimes 
are  so  abundant  as  to  have  caused,  by  their  accumulation,  a 
bed  of  shell-marl  at  the  bottom  of  the  lake  before  the  growth 
.of  the  peat  mosses  filled  it«  Such  shell-marl  beds  often 
occur  at  the  bottom  of  peat  bogs.  Silica  may  have  entered 
the  growing  peat  by  being  blown  on  in  the  form  of  sand,  or 
washed  in  by  freshet  rains  from  the  adjoining  hills.  Iron 
is  found  in  nearly  all  water  in  its  natural  state.  As  a  car- 
bonate it  may  be  carried  in  solution  by  spring  water  issuing 
from  ferriferous  gravel  or  sand.  On  exposure  to  the  air  it 
is  converted  to  a  hydrated  peroxyd,  which  is  precipitated  as 
a  red  film  on  all  substances.  If  long  continued  it  would 
thus  form  a  bog  ore,  or  brown  haematite.  It  would  descend 
by  its  specific  gravity  to  the  bottom  of  the  peat  bog.  The 
clay  that  makes  a  part  of  the  ash  of  peat  is  a  composite  sub- 
stance. Its  chief  ingredient  is  alumina.  It  may  also  be 
carried  into  the  bog  by  small  streams  so  as  to  mingle  with 
other  impurities  in  the  greatest  proportion  at  the  bottom. 
By  reference  to  the  accompanying  chemical  analyses,  per- 
formed by  Dr.  P.  B.  Boso,  of  Aon  Arbor,  Mich.,  and  by 
Prof.  S.  F.  Peckham,  chemist  of  the  survey,  it  will  be  seen 
that  a  great  diversity  exists  in  the  qualities  of  the  samples 
of  peat  from  Minnesota,  but  that  they  compare  favorably 
with  peats  analyzed  from  Iowa,  Connecticut,  or  even  the 
famous  Irish  peat. 

(d)    Peat  Analyses  by  Dr.  Eose. 

Of  the  peats 'analyzed  by  Dr.  Bose,  the  samples  num* 
bered  1  and  2  were  procured  and  furnished  the  survey  by 
Dr.  C.  D.  Williams,  of  St.  Paul.    No.  3  was  furnished  from 
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the  manufactory  by  W.  Z.  Haight.  No.  4  was  obtaioed 
by  the  survey,  and  is  named  in  the  section  describing  it, 
**  Peaty,  Lake  Sediment."  No.  5  is  properly  not  a  peat, 
but  a  turf-peat,  as  defined  on  page  90.  No.  6  is  a  fair 
sample  of  raw  peat,  from  Wells,  in  Faribault  county,  ob» 
tained  by  the  survey.  The  corresponding  serial  numbers  in 
the  records  of  the  survey,  run  from  5  to  10  inclusive,. 

Prof.  IT.  H.    WincMX^  State  Geologist  of  Minnesota,  St. 
Anthony  Falls,  Minn. : 

Deab  Sir  : — ^The  six  samples  of  peat  furnished  me  by 
express,  and  marked  as  follows : — 

No.  1— Schmidt's  land,  St.  Paul— taken  out  eight  feet  belowjthe  surfiicei 

Ko.  2— Schmidt's  land,  St.  Paul— two  feet  below  the  snrAice ; 

Ko.  8— Manafactared  peat,  ft>om  Wells ; 

No.  4— Lake  Emtly,  near  St.  Peter; 

No.  6— Empire  City ; 

No.  6 — From  Wells,  not  mannfkctared ;« 

have  each  been  submitted  to  an  analysis,  with  the  following 
results :     100  parts  of  the  air-dry  peat  contain  — 


Organic 
Matter. 


Peat  No. 
Peat  No. 
Peat  No. 
Peat  No. 
Peat  No. 
Peat  No. 


1  (Serial  No.  5) . 

2  (Serial  No.  6) . 
8  (Serial  No.  7). 

4  (Serial  No.  8). 

5  (Serial  No.  9). 

6  rSerial  No.  10) 


Hygro- 

scopic 

Ash. 

Water. 

18.75 

12.78 

12.66 

21.67 

14.00 

18.17 

9.88 

67.17 

8.88 

77.86 

16.96 

18.17 

78.62 
66.68 
67.88 
28.00 
18.82 
66.88 


The  ash,  or  inorganic  matter,  varying  greatly  in  quantity, 
was  still  further  subjected  to  analysis,  with  the  subjoined 
result : — 


Peat  Ash. 

No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  6. 

SUlca 

49.09 

.68 

.87 

18.87 

8.01 

14.92 

8.28 

10.27 

Trace. 

66.89 

.67 

.81 

10.60 

2.24 

6.81 

8.84 

6.97 

Trace. 

68.81 

.41 

.18 

14.18 

2.90 

10.21 

2.11 

11.68 

88.96 
.12 
.11 

1.48 
.82 

7.04 
.12 

1.82 

69.87 

.14 

.08 

18.10 

1.41 

6.68 

.14 

14.12 

61.88 

Potassa.  .•• •• 

.66 

Soda • 

.28 

Lflme  .•••..•.•  •••• 

12.44 

Magnesia.  •••  •    ••• 

Iron  and  Alumina. 
Solpharic  Acid..*. 
Carbonic  Acid .... 

Phosphoric  Acid . . 
Chlorine ......  •■■. 

2.48 
9.71 
2.87 

10*69 

Trace. 

Trace. 

100.89 

99.78 

99.70 

100,70 

99.94 

99.96 

u 
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The /olio wing  is  the  elementary  analydis  ot  the  organic 
matter : — 


Per  100  of  the  Organic 
Matter. 

Per  100  of  the  Original 
Air-dry  Peat. 

Carbon. 

Hydro- 
gen. 

Oxygen 
&  Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen 
&  Nitro- 
gen. 

Peat  No.  I 

Peat  No.  2 

Peat  No.  8 

Peat  No.  4 

Peat  No.  5 

Peat  No.  6 

58.06 
52.22 
52.02 
48.66 
46.58 
61.94 

6.19 
6.11 
6.68 
9.78 
10.51 
6.17 

40  75 

41.67 
41.80 
41.61 
42.91 
41.89 

89.03 
84.80 
85.80 
11.19 
6.44 
84.22 

4.66 
4.01 
4.54 
2.24 
145 
4.06 

29.93 
27.87 
27.99 
9.57 
5.98 
27.60 

The  composition  of  the  above  samples  of  peat  compared 
with  that  of  hard  wood  is  as  follows  : 


Wood.... 
Peat  No.  1 
Peat  No.  2 
Peat  No.  8 
Peat  No.  4 
Peat  No.  5 
Peat  No.  6, 


Oxygen 

Carbon. 

Hydrogen. 

and 
Nitrogen. 

Ash. 

89.6 

4.8 

84.8 

0.8 

89.08 

4.56 

29.98 

12.78 

84.80 

4.01 

27.87 

21.67 

85.80 

4.54 

27.99 

18.17 

11.19 

2.24 

9.57 

67.17 

6.44 

1.45 

5.98 

77.86 

84.22 

4.06 

27.60 

18.17 

Water. 


20.0 
18.75 
12.66 
14.00 
9.88 
8.88 
15.95 


The  heating  power  of  each  of  the  six  samples  of  peat,  aa 
compared  with  an  equal  weight  of  air-dry  oak  wood,  is 
based  on  the  amount  of  oxygen  required  for  complete  com- 
bustion, or  by  the  number  of  pounds  of  water  raised  from 
320  to  2120.F. 


100  lbs.  of  the  air-dry  peal  No.  1 
100  lbs.  of  the  air-dry  peat  No.  2 
100  lbs.  of  the  air-dry  peat  No.  8  > 
100  lbs.  of  the  air-dry  peat  No.  4 
100  lbs.  of  the  air-dry  peat  No.  5 
100  lbs.  of  the  air-dry  peat  No.  6 


104.2  lbs.  of  oak  wood. 
94.7  lbs.  of  oak  wood. 
98.1  IbH.  of  oak  wood. 
34.4  lbs.  of  oak  wood. 
16.9  lbs.  of  oak  wood. 
89.6  lbs.  of  oak  wood. 


All  of  which  is  most  respectfully  submitted. 

P.  B.  ROSE, 
Asst.  iii  Chemistry,  University  of  Michigan. 
Chemical  Laboratoryi  University  of  Mich.,  Nov.  8S,  1873. 
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(,e)  Peat  Analyses  by  JProf.  Peckham. 
Prof.  jV".  H.  Winchelli  State  Chologist  of  Minnesota : 

My  Deab  Sib  : — ^The  following  18  a  report  of  the  chemi- 
<cal  investigations  conducted  in  accordance  with  your  sug- 
gestions for  the  Geological  Survey  of  Minnesota,; 

I  desire  to  state  that  when  I  assumed  the  duties  of  Chemist 
to  the  Geological  Survey  last  August,  I  found  absolutely 
nothing  in  the  University  laboratory  in  preparation  for 
special  investigations  of  the  nature  of  those  I  was  about  to 
undertake.  The  room  in  which  I  have  worked  had  to  be 
fitted  up.  Much  of  the  apparatus  used  had  to  be  procured 
from  New  Yor^:.  AH  my  solutions  of  reagents  had  to  be 
prepared,  as  well  as  many  of  the  reagents  themselves.  In 
fact  I  began  at  the  beginning  and  fitted  up  my  laboratory 
before  doing  any  of  the  work  at  hand.  I  have  also  dis- 
charged at  the  same  time  the  duties  of  a  full  professorship 
in  the  University,  and  have  consequently  only  been  able  to 
-give  the  work  of  the  survey  the  second  place. 

No.  1.  Tripoli. — ^You  have  placed  in  my  hands  for  exami- 
nation a  specimen  of  Tripoli,  or  very  fine  grained,  fria- 
ble sandstone,  of  which  25.15  per  cent,  was  found  to  be 
eolublo  in  boiling  concentrated  .hydrochloric  acid.  The 
remaining  74.85  per  cent,  consisted  of  microscopic,  appa- 
rently angular  fragments  of  white  quartz.  The  soluble  por- 
tion consisted  chiefly  of  Ferric  oxide  (Fe,  Os)  and  a  smaller 
portion  of  the  carbonates  of  lime  and  magnesia,  of  which 
quantitative  determinations  were  not  made. 

•*-4."  Clippings  of  Ifaiive  Copper. — A  specimen  which  I 
have  marked  A,  of  which  I  have  made  the  following  record  : 
A  letter  was  handed  me  addressed  to  Prof.  Winchell  by  B. 
.S*  Russell,  of  Pleasant  Grove,  Olmsted  Co.,  Minn.,  con- 
taining an  enclosure  of  minute  fragments  or  clippings  of 
what  appeared  to  be  native  copper.  *> Found  on  the  south 
bank  of  Boot  River  in  the  neighborhood  of  green  shale  *  * 
imbedded  in  loose  rock  found  on  the  surface." 

Completely  soluble  in  dilute  nitric  acid.  Evaporated  to 
dryness  the  residue  was  completely  soluble  in  water  and  con- 
tained nothing  but  nitrate  of  copper. 

Mineral  Water. — A  pint  of  mineral  water  not  labeled. 
It  appeared  not  to  have  been  filtered.  The  results  of  as 
complete  a  qualitative  analysis  as  the  small  quantity  would 
admit  of,  are  as  follows : 

The  water  contained  a  brown,  flocculent  deposit  and  crys- 
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talline  scales.  It  was  nentral  to  litmus,  tumeric  and  lea  d 
papers,  showing  the  absence  of  free  acids,  alkalies  and  sul- 
phuretted hydrogen.  It  was  also  odorless,  with  a  bitter 
saline  taste. 

Three  hundred  and  ninety-three  cubic  centimeters  were 
eyaporated  to  dryness.  A  portion  of  the  residue  dissolved  in 
water  coi\tained  potassium,  sodium,  chlorine,  sulphuric  acid 
and  a  trace  of  phosphoric  acid.  The  residue  insoluble  in 
water,  dissolved  in  hydrochloric  acid  with  escape  of  car- 
bonic acid,  and  the  solution  contained  chlorides  of  lime  and 
magnesia. 

These  results  indicate  that  the  water  held  in  solution : 

Carbonate  of  lime, 

Carbonate  of  magnesia. 

Chloride  of  sodium  and  potassium, 

Sulphate  of  sodium  and  potassium, 

Phosphates,  a  trace. 

A  little  organic  matter  was  not  dissolved  in  hydrochloric 
acid. 

This  water  will  be  further  examined. 

JSTo^  29. — A  specimen  supposed  to  be  carbonate  of  mag* 
nesia,  was  found  to  be  a  light-colored,  friable  clay,  contain* 
ing  a  large  proportion  of  sand;  will  be  still  further 
examined. 

JV6s»  30  and  81. — Tw6  specimens  of  siliceous  limestone, 
containing  small,  rounded  grains  of  a  soft,  light-green  min- 
eral, were  to  be  examined  for  carbonate  of  copper.  'Dilute 
hydrochloric  acid  dissolved  the  lime  with  disengagement  of 
carbonic  acid.  The  hydrochloric  acid  solution  was  colorless 
and  contained  lime,  iron,  magnesia  and  a  trace  of  manganese, 
with  carbonic  and  silicic  acids,  but  no  copper.  The  insolu- 
ble portion  consisted  of  grains  of  quartz  sand,  and  the  green 
mineral  which  contained  iron,  alumina,  magnesia  and  soda, 
with  silicie  acid.  This  green  mineral  has  the  appearance  of 
being  green  slate,  in  water- worn  grains.  The  species  can 
only  be  accurately  determined  by  a  quantitative  analysis. 
They  will  be  still  further  examined. 

Peats  nunJ>ered  16  to  28  indusive. — ^Thirteen  specimens  of 
peat  were  examined  with  reference  to  hygroscopic  watev, 
organic  matter  and  ash.  They  were  all  treated  exactly 
al&e.  An  average  sample  of  each  of  the  specimens  was 
finely  pulverized  and  thoroughly  mixed.  Of  this  one  gramme 
was  carefully  weighed  in  a  one-ounce  platinum  crucible. 
The  covered  crucible  containing  the  assay  was  then  placed 
in  an  air  bath,  and  heated  to  212-220  Uegs.  Fahr.,  until  it 
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ceased  to  lose  weight.  The  loss  was  estimated  as  hygro* 
scopic  water.  The  cover  was  then  removed,  the  crucible 
inclined  and  heated  to  dull  redness,  finally  to  bright  red- 
ness, until  the  combustible  matter  was  entirely  consumed. 
The  loss  was  estimated  as  organic  matter  and  the  residue  as 
ash.    The  following  results  were  obtained : 


Nol 

Hygroscopic  Water. 

Organic  Matter. 

Ash. 

IS 

12.72 

68.52 

18.76 

17 

18.04 

48.64 

88.82 

IS 

10.99 

44.56 

44.45 

19 

20.64 

58.60 

25.76 

20 

16.75 

47.08 

86.28 

21 

11.98 

88.48 

54.59 

22 

13.58 

58.28 

88.14 

28 

11.08 

41.67 

47.80 

24 

10.225 

64.475 

25.80 

25 

10.80 

16.88 

72.87 

26 

8.69 

81.90 

59.41 

27 

9.85 

42.68 

47.52 

28 

29.44 

58.17 

12.39 

These  Peats  will  be  still  further  examined. 

An  absolutely  accurate  comparison  of  these  Peats  with 
oak  wood  cannot  be  made  without  a  determination  of  the 
carbon  and  hydrogen  present  in  each ;  but  in  order  to  fur- 
nish a  tolerably  correct  basis  of  comparison,  the  average 
amount  of  carbon  and  hydrogen  as  compared  with  the  total 
amount  of  organic  matter,  was  estimated  in  the  six  speci- 
mens eitamined  by  Dr.  Rose.  It  was  found  to  be  58.4  per 
cent.  The  proportion  contained  in  oak  wood  being  made 
the  standard  of  comparison  or  100  per  cent.,  all  of  the  Peats 
examined  by  Dr.  Rose  and  myself,  if  ere  found  to  possess 
the  following  values,  100  pounds  of  the  air-dry  substance 
being  taken  in  each  case : 
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No.  28  was  one  of  the  first  examined »  and  was  not  prob- 
ably sufficiently  dried,  as  the  amount  of  water  is  very  large, 
29.44  per  cent.  The  ash  is  only  12.39  per  cent.,  howeyer, 
which  is  very  low.  This  peat  is  no  doubt  very  nearly  as 
valuable  as  number  16,  when  properly  dried. 

The  value  of  all  of  these  peats,  as  compared  with  each 
other,  is  as  follows : 


1 

Ser.Ko.  5 

7 

Ser.  No.  28 

18 

Ser.  No.  27 

2 

"  16 

8 

"  19 

14 

«  28 

8 

"  7 

9 

"  22 

15 

<c  21 

4 

«'  10 

10 

<i  17 

16 

«  26 

5 

"  6 

11 

"  20 

17 

««   8 

6 

«  24 

13 

"  18 

18 
19 

«  26 

i«   9 

All  of  which  is  respectfully  submitted. 

S.  F.  PECKHAM, 
Chemist  to  the  Geological  Survey  ot  Minnesota. 
St.  Anthony's  Falls,  Dec.  23,  1873. 

Of  the  foregoing  samples  analyzed  by  Prof.  Peckham, 

No.  1  was  obtained  at  StlUwater,  Washington  county. 

**  A  "  was  tcom  Pleasant  Grove,  Olmsted  coanty. 

'* Mineral  Water"  was  ttom  the  reputed  salt  springs  at  Belle  FlaSne, 

Scott  county.    Other  samples  have  been  since  obtained  and  wiU 

receive  analysis. 
No.  29  was  ft'om  the  sandstone  near  the  Red  Jacket  Mills,  In  Blue  Barth 

county,  apparently  consisting  of  magnesia  or  magnesla|and  lime. 

(See  description  of  that  locality,  page  96.) 
Nos.  80  and  81  were  fcom  the  St.  Lawrence  limestone,  the  former  from  St 

Lawrence,  Scott  county,  the  latter  flrom  Judson,  in  Blue  Earth 

county. 
No.  16  was  a  peat  from  St.  Cloud,  18  inches  below  the  surfkce. 
No.  17  was  a  peat  flrom  Lura,  In  Faribault  county,  18  inches  below  the 

surfkce;  land  of  W.  Z.  Ilaight.    Bog  A. 
No.  18  was  flrom  the  same  bog  as  No.  17,  8  feet  below  the  surfl&ce. 
No.  19  was  a  peat  Arom  the  same  place,  Bog  B,  18|in.  below  the  surflMM. 
No.  20  was  from  the  same  bog  as  No.  19,  8  feet  below  the  surfkce. 
No.  81  was  a  turf-peat,  owned  by  John  Haggird,  Sec.  4,  T.  101,  R.  89. 
No.  22  was  from  K.  K.  Peck's  land,  near  Windom,  2  ft.  below  the  surface. 
No.  28  was  from  K.  K.  Peck's  land,  near  Windom,  8  fU  below  the  surface. 
No.  24  was  a  peat  from  land  of  Rev.  Edward  Savage,  near  Windom,  18 

Inches  below  the  surface. 
No.  26  was  a  turf-peat  from  S.  O.  Taggart's  land.  Sec.  24,  T.  105,  R.  86. 
No.  26  was  a  peat  from  land  of  A.  A.  Soule,  Mountain  Lake,  2  feet  below 

the  surface. 
No.  27  was  peat  from  land  of  St.  Paul  &  Sioux  City  Railroad,  Sec  18,  T. 

106,  R.  87,  2  feet  below  the  surface. 
No.  28  was  a  peat  from  land  ot  F.  G.  Taylor,  Brooklyn,  Hennepin  Co. 
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(f)     Wh&re  Peat  exists  in  Minnesota. 

The  method  adopted  for  testing  for  peat  is  very  simple. 
A  common  auger,  of  about  one  and  a  half  inch  bore,  is  sup- 
plied with  a  jointed  rod  eight  or  ten  feet  in  length.  The 
handle  and  all  of  the  joints  are  removable ,  and  can  be  trans- 
ported in  one  package.  The  thread  of  the  auger  will  bring 
out  the  material  passed  through,  from  any  desired  depth, 
the  samples  being  preserved  if  necessary.  This  will  answer 
for  most  cases.  If  the  peat  prove  too  pulpy  or  too  wet  to  be 
brought  out  on  the  thread  of  the  auger,  other  means  must 
be  adopted.  When  it  is  too  fibrous  and  loose  to  be  pene- 
trated by  the  auger,  the  desired  sample  can  be  taken  out  by 
the  hand,  as  the  loose  and  fibrous  parts  are  always  near  the 
surface.  The  best  way  to  illustrate  the  contents  of  a  peat 
marsh,  is  to  take  out  and  dry  a  full  section  from  the  surface 
to  the  bottom,  cutting  the  fiber  with  theslane,  and  exposing 
the  variations  in  composition  and  color  without  disarrang- 
ing their  superposition. 

The  following  notes  on  the  observed  location  of  peat  de- 
posits do  not  embrace  a  much  larger  class  of  observations, 
made  during  the  summer  on  localities  where  peat  does  not 
exist,  but  where  it  was  supposed  by  the  owners  to  exist  in 
abundance. 

•  1.  At  a  point  about  half  a  mile  east  of  Empire  City,  in 
Dakota  county,  the  auger  was  sunk  in  the  land  of  Albert 
Whittier.  This  is  within  the  valley  of  the  Vermilion  River, 
and  revealed  the  following  section : 

No.  l.—Tarf-peat,  about 1ft. 

No.  2.^Black,  sticky,  heavy  mad 8  ft 

No.  8.— Sand,  with  some  gravel,  penetrated 1ft. 

This  character  of  surface  prevails,  judging  from  outward 
appearances,  over  an  area  of  many  acres  in  this  part  of  the 
valley,  passing  also  on  to  the  land  of  Mr.  Gray,  further 
east. 

2.  Sec.  22,  T.  114,  B.  19,  Dakota  county.  Owner's 
name  unknown.    Agents,  Claggett  &  Crosby,  Farmington. 

No.  1.— Wet  turf-peat 1ft 

No.  2.— Fine,  black  mud 2  ft. 

No.  8.— Green,  sandy  clay • 1ft. 

No.  4.— Sand,  of  a  greenish  cast 2  ft.  4  In. 

No.  5.^The  same,  indefinitely. 

3.  About  Sec.  22,  T.  114,  B.  19,  Dakota  county. 
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No.  1.— Black  tnrf-peat,  loose  and  flbrons 1ft. 

No.  2.— Fine,  black  mad 61b. 

No.  8.— Sand  and  gravel 6  In. 

No.  4.— The  same  indlflnltely. 

4.  In  the  same  bog ;  near  an  outcrop  of  the  St.  Peter, 
N.  W.  from  Empire  City. 

No.  1.— Black  torf,  flbroas 1  ft. 

No.  2.— Sand ;  the  same  indefinitely 1  ft. 

5.  In  the  same  bog ;  owned  here  by  James  Murphy. 

No.  1.— Black,  impure  torfy  peat*. 1  ft. 

No.  2.— Tellowish-green,  sandy  clay 1  ft. 

This  burned  over  more  or  less  for  some  distance  in  vari- 
ous directions  a  few  years  ago,  passing  also  on  to  the  land 
of  others.  This  whole  slough  is  termed  *  ^meadow''  by  the 
owners,  and  furnishes  annual  crops  of  hay.  in  the  dry 
months  teams  can  be  driven  over  it  in  most  places.  It  is 
in  the  valley  of  the  Vermilion,  the  greater  part  lying  on 
the  north  side  of  the  river. 

6.  Land  of  James  Murphy,  Sec.  15,  T.  114,  B.  19. 

No.  1.— Tarf-mold,  or  tnrf-peat,  dry  and  hard  enough  for 
teams  to  pass  over,  little  fibrous,  bnmed  over  a  few 
years  ago 1ft.    6  in. 

No.  2.— Yellowish-green  clay    [See  Dr.  Rose's  Analyses]. .  6  in. 

7.  Near  the  center  of  the  same  bog,  E.  of  Murphy's. 

No.  1.— Black  tnrf-peat,  wet Sin. 

No.  2.— Clay  and  mnd  of  brownlsh-ash  color,  with  streaks 

of  green • 1  ft. 

8.  Land  of  CSaleb  Adams,  same  slough.  One  mile 
northwest  of  Empire  City. 

No.  1.— Fibrous  tnrf-peat 1ft.    6  in. 

No.  2.— Sand,  indefinitely. 

This  peat  has  as  good  (or  better,)  appearance  as  any  yet 
seen  on  this  marsh. 

9.  Land  of  D.  S.  Pitcher,  two  and  a  half  miles  east  of 
Farmington.  Sec.  27,  T.  114,  B.  19.  A  branch  of  the  Ver- 
milion valley,  coming  in  from  the  southwest,  consists  now 
of  a  long,  wide  slough,  having  the  surface  characteristios 
of  the  valley  of  the  Vermilion. 
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No.  1. — Black  mock,  somewhat  fibrous  on  the  top,  becoming  clayey  and 
sandy,  bat  passing  into  stiff,  brown  clay  in  18  in 1ft. 

Tested  no  further. 

Mr.  Pitcher  says  this  surface  turf  burned,  in  1863,  from 
July  to  December,  making  many  *< hog- wallows." 

10.  Easota,  LeSueur  Co.  This  marsh  is  crossed  by 
the  Sioux  City  B.  B.  This  point  is  on  the  east  side  of  the 
B.  B.  six  rods  from  the  drift  bluff. 

No.  1.— Pretty  good  peat ••••••  8  in. 

No.  8.^Black,  sandy  clay  • 2  ft. 

The  whole  depth  drilled  showed  frequent  shells. 

11.  In  the  same  marsh,  on  the  west  aide  of  the  B.  Bi 
fifteen  rods  from  the  drift  bank. 

No.  1. — Roots  and  stems  of  grass,  with  some  peaty,  vege- 
table decomposition ••...• Sin. 

No.  2.— Black,  peaty  mnd,  with  a  few  fragments  of  shells 

and  some  sand 1ft.    4  In. 

No.  8. — Black  or  brown  mnd,  with  sand  and  fragments  of 

sheUs 4  ft, 

12.  Head  of  Lake  Emily,  in  Le  Sueur  county,  near  St. 
Peter.    Land  of  Mr«  French. 

No.  1.— Roots,  and  soft,  flbrons  lake  sediment 1ft. 

No.  2.^Peaty  lake  sediment,  with  little  or  no  sand 1ft.    6  In. 

[See  Dr.  Rose's  analyses.] 

No.  8.— Peaty  mnd,  with  a  little  sand 1ft. 

No.  4.— Black,  lake  mad,  sandy 2  ft. 

18.    Wells,  Faribault  Co.,  land  of  Clark  W.  Thompson. 

No.  1.— Watery,  flbrons  peat 4  ft. 

No.  2.— Peaty  mnd,  with  shells  and  some  sand •  6  in. 

No.  8.— Brownish  mnd  and  clay 6  In. 

14,  Wells,  Faribault  Co.,  land  of  Clark  W.  Thompson. 
Same  slough  as  the  last. 

No.  1.— Good  peat,  showing  some  sand  grains 6  ft. 

No.  2.— Peaty  mnd  and  day.     [See  Dr.  Rose's  analyses]. .    6  in.  to  1  ft. 

15.  Wells,  Faribault  Co.,  same  slough. 

No.  1.— Peat  of  good  quality .......••.    5  ft. 

No.  2.— Peaty  mnd .. ; ' • 6  in. 
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16.  There  is  a  peat  deposit  of  80  or  100  acres  near  Lura, 
in  Faribault  county,  Sec.  30,  T.  104,  B.  25.  Land  of  H. 
F.  Quinby  and  J.  Robinson.     Said  to  be  four  feet  deep. 

17.  Peat  is  manufactured  near  Fairmount,  in  Martin 
county,  by  Mr.  A.  L.  Ward. 

18.  Near  Lura  Station,  in  Faribault  county,  peat  exists 
in  considerable  quantities,  on  land  of  W.  Z.  Haight.  [See 
Prof.  Peckham's  analyses.] 

19.  Sec.  24,  T.  105,  B.  35  ;  Cottonwood  county •  Land 
of  S.  O.  Taggart.  In  a  dry  slough,  coyering  many  acres,, 
the  surface  consists  of  a  turf-peat,  to  the  depth  of  about  a 
foot,  passing  into  black  mud  and  sand.  The  very  top  is 
fibrous  and  even  spongy. 

20*  Land  of  S.  O.  Taggart,  5  miles  east  of  Windom.  In 
a  narrow  spring  ravine,  where  water  stands  or  slowly  runs 
throughout  the  year,  and  near  its  head,  a  thickness  of  a 
foot  or  more  of  turf-peat  may  be  taken  out  over  a  space  of 
a  few  rods  square.  It  is  thicker  and  better  near  the  head  oi 
the  ravine  than  at  any  other  point,  owing  to  the  more  con- 
stant protection  of  the  grass  and  roots  from  the  prairie  fires. 

21.  Other  similar  peaty  ravines  occur  on  land  of  Misa 
Ellen  Imus,  near  that  of  Mr.  Taggart. 

22.  A  mile  and  a  half  north-east  of  Cannon  City,  Bice 
county.  Land  ot  Wm.  Dunn.  A  shaking  bog  of  peat  is 
said  to  occur  on  S.E.  1-4  Sec.  11,  T.  110,  B.  20. 

]23.  Mountain  Lake,  Cottonwood  Co.  Near  Mountain 
Lake  Station,  on  land  of  A.  A.  Soule,  a  coarse  turf-peat 
covers  the  surface  of  a  dry  slough  to  the  depth  of  ten  to 
eighteen  inches.  Near  a  spring  along  the  side  of  this  slough 
which  is  tributary  to  Mountain  Lake  the  surface  quakes,  an^ 
the  peat  is  thickest. 

24.  Around  Mountain  Lake  the  land  is  low,  and  is  flooded 
in  the  wet  season.  This  low  land  contains  considerable 
^eat  for  some  distance  out  toward  the  lake.  The  surface 
shakes  under  the  tread.  It  is  covered  in  the  summer  with 
a  tall  grass,  which  much  resembles  the  wild  rice,  yet  the 
softest  places,  where  the  peat  occurs  purest,  are  furnished 
with  a  short  grass.  Peat  here  is  two  or  more  feet  thick. 
The  land  examined  is  owned  by  A.  A.  Soule. 

[See  Prof.  Peckham's  analyses.] 

25.  Sec.  13,  T.  106,  B.  37,  Amo,  Cottonwood  Co.  A 
slough  that  shakes  is  in  the  valley  that  forms  the  prolonga- 
ion  of  the  Des  Moines  Valley  northwestward  above  the 
great  bend  a  few  miles  above  Windom,  and  has  a  spongy 
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peat  about  two  feet  in  thickness,  with  black  mud  below.    It 
covers  six  or  ten  acres. 

26.  In  the  same  prolongation  of  the  Des  Moines  Valley, 
on  K.  K.  Peck's  land,  two  miles  above  the  bend  of  the  Des 
Moines,  is  a  thickness  of  two  or  three  feet  of  peat.  This 
valley  seems  to  hold  about  two  feet  of  poat  along  a  consider- 
able area  through  the  middle,  and  would  supply  a  great 
quantity.  It  is  not  of  a  superior  quality,  but  might  be  very 
useful  to  the  settlers. 

27.  Sec.  2,  T.  105,  R.  38,  Cottonwood  Co.,  Govern- 
ment land.  Side-hill  peat  occurs  on  a  gentle  slope  over  the 
space  of  a  few  rods,  having  a  thickness  of  a  foot  and  a  half 
or  two  feet.  Such  peaty  patches  appear  also  on  the  oppo- 
site side  of  the  main  valley,  arising  from  the  issuing  of 
springs  that  keep  the  surface  moist,  while  the  lower  land  in 
the  same  slough  is  dry  and  bard.  This  peat  is  not  free  from 
sand.     It  also  smells  stron£;ly  of  sulphuretted  hydrogen. 

28.  NE.  i  Sec.  28,  T.  105,  E.  36,  Cottonwood  Co- 
Land  of  A.  J.  Hall.  -In  a  turfed  ravine,  where  water  stands 
or  slowly  oozes  through  the  turf,  sloping  gently  toward  the 
Des  Moines  river,  a  turf  peat  may  be  taken  out  to  the  depth 
of  a  foot  or  twenty  inches.  The  belt  containing  peat  is 
from  ten  to  twenty  feet  wide,  and  similar  in  its  situation  to 
that  of  Mr.  S.  O.  Taggart,  but  more  extensive.  It  shakes 
under  the  feet  for  three  or  four  feet  about,  but  a  horse  can 
walk  sately  over  it  in  most  places  in  the  dry  season.  Indeed, 
it  is  mown  for  hay  every  year.  An  irony  scum  lies  on  the 
ground  and  on  the  grass  stalks.  The  peat  itself  is  a  turf, 
but  contains  shells  and  some  grit. 

Another  similar  ravine  is  on  the  same  claim.  Numereus 
others  might  be  located  along  the  ravines  that  cross  the  Des 
Moines  bluffs. 

29.  SW.  i  Sec.  4,  T.  104,  S.  36.  Delafield,  Jackson 
county.  Land  of  Rev.  Edward  Savage.  A  good  moss  peat 
occurs  here  in  a  slough,  having  an  average  thickness  of  two 
feet,  over  an  area  of  ten  acres  or  more.  The  slough  is  con- 
fined between  bluffs  that  appear  to  be  entirely  composed  of 
drift,  and  has  a  feeble  drainage  into  a  small  lake  (String 
Lakes).  The  surface  is  mostly  covered  with  a  short  (blue 
joint?)  grass,  but  also  with  chair- bottom  rushes.  Some 
patches  also  of  Typha  laiifolia  are  seen.  No  horsetail  rush 
appears.  In  passing  over  the  surface  of  this  marsh  it  quakes 
five  or  six  feet  around,  and  the  auger  hole  is  immediately 
filled  with  water  to  the  top.  Below  eighteen  inches  (even 
sparingly  in  ten  or  twelve  inches)  shells  begin  to  be  rather 
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common »  and  the  auger  next  brings  up  a  black  mud  with 
many  shells.  The  most  of  this  peat  is  made  up  of  the  peat 
mosSy  though  at  a  depth  of  a  foot  or  eighteen  inches  it  con- 
tains grass  roots  and  other  fiber. 

80.  NE.  i  Sec.  80,  T.  106,  B.  36.  Land  of  Arthur 
Johnson.  Turf-peat  occurs  in  a  ravine,  twenty  feet  over, 
where  fuel  can  be  taken  out. 

81.  Land  of  Geo.  C.  Bush,  Sec.  6,  T.  105,  B.  87,  holds 
a  peaty  turf,  in  a  dry  slough  near  the  mouth  of  a  ravine ,  in 
considerable  abundance.     Sandy  below. 

82.  T.  105,  B.  88,  Southbrook,  Cottonwood  county. 
Peat  exists,  according  to  Mr.  John  Crapsey,  three  miles 
north  of  Talcott  Lake. 

83.  Land  of  the  St.  Paul  &  Sioux  City  and  Sioux  City  & 
St.  Paul  B.  B.  Sec.  31,  T.  105,  B.  87,  Jackson  county. 
A  thin  deposit  of  about  six  inches  of  peat  covers  about  half 
an  acre,  mostly  under  water.  This  is  the  only  peat  that 
can  be  found  in  the  vicinity  of  Heron  Lake. 

84.  Land  of  F.  G.  Taylor,  Brooklyn,  Hennepin  coui^ty, 
seven  miles  north  of  Minneapolis,  furnishes  a  fine  quality  of 
peat.     [See  analyses  of  Prof.  Peckham.] 

85.  Land  of  B.  S.  Langdon,  Sec.  4,  T.  102,  B.  41, 
Nobles  county.  Here  a  turt-peat  occurs,  about  14  inches 
in  thickness,  lying  on  a  side-hill  or  gentle  slope,  having  a 
springy  character  when  trod  on.  It  is  underlain  by  a  black 
mud,  which  has  been  mistaken  for  non-fibrous  peat.  Of 
the  turf  several  cords  (perhaps  a  hundred)  have  been  taken 
off,  preparatory  to  excavating  the  rich  (  ?)  peat  below,  when 
it  was  discovered  that  it  would  not  burn,  but  when  placed 
in  the  fire  turned  out  hard  and  heavy  like  burned  clay. 
The  turf  itself  will  make  a  fuel  that  will  compare  well  with 
any  turf-peat  discovered. 

86.  Peat,  eight  or  ten  inches  thick,  exists  on  the  rail- 
road land,  Sec.  27,  T.  101,  B.  40,  Nobles  county,  of  a 
turfy  character,  but  good  quality.  It  lies  over  an  acre  or 
two,  but  may  be  taken  out  probably  in  other  places  along 
the  different  creeks  that  unite  here. 

87.  At  Bigelow,  in  Nobles  county,  there  is  a  consider- 
able thickness,  perhaps  two  feet,  of  half-carbonized,  pulpy, 
vegetable  silt,  lying  entirely  below  the  water  of  a  lake, 
mwie  up  of  decaying  sedges  and  grasses  and  their  roots. 
It  is  torn  in  pieces  by  the  waves  in  the  lake,  and  gathers 
about  the  shores  and  under  the  bog-turf,  driven  most  abund- 
antly to  the  side  that  faces  the  prevailing  winds.  It  is  often 
intermixed  with  fine  mud  and   shells,   especially  near  the 
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WttolHi.  It  will  probably  furnish,  if  dry,  a  combustible 
material  that  would  answer  well  for  fuel,  if  it  should  prove 
obtainable  in  sufficient  quantities,  and  especially  if  it  were 
to  be  pressed  and  molded.  It  has  not  the  necessary  origin 
nor  nature  to  be  styled  peat. 

38.  John  Haggard  takes  out  turf  in  a  low  patch  on  Sec. 
4,  T.  101,  B.  39,  Nobles  county.  It  occurs  partly  on  State 
Swamp  land,  partly  on  railroad  land,  and  partly  on  the 
claim  of  Charles  Peterson.  It  is  in  nature  and  position 
similar  to  the  turf  on  B.  S.  Langdon's  land,  northwest  of 
Worthingtoir.  Mr.  Haggard  takes  it  out  with  a  spade, 
about  a  foot  in  depth,  in  large  blocks.  Then  drawing  it  to 
the  house  he  cuts  it  into  convenient  smaller  blocks,  and 
spreads  and  piles  it  for  drying.  After  drying  about  four 
or  six  weeks  it  is  fit  for  burning.  It  burns  quickly  but 
leaves  considerable  ash.  (See  the  report  of  Prof.  S.  F. 
Peckham.) 

39.  On  the  S.£.  i  Sec.  27,  T.  102,  B.  34,  Jackson  coun- 
ty, Mt.  W.  y.  King  correctly  describes  a  peat  marsh. 

40.  Peat  occurs  of  good  quality  just  west  of  the  limits 
oi  St.  Cloud,  in  Stearns  county,  about  a  foot  and  a  half 
thick,  underlain  by  a  bed  of  shell  marl,  which,  before  the 
introduction  of  the  Shakopee  lime,  was  considerably  burned 
for  quick  lime.     [See  Prof.  Peckham's  analyses.] 

41.  Peat  occurs  within  the  corporate  limits  of  St.  Paul„ 
having,  according  to  Dr.  C.  D.  Williams,  a  depth  of  eight 
feet.  It  lies  on  the  land  of  Mr.  Schmidt.  [See  analyses, 
of  Dr.  Bose.] 

42.  At  Bed  Wing,  Goodhue  county,  good  peat  has  been* 
taken  out,  and  experiments  in  manufacture  made  on  the  farm 
of  Capt.  O.  Eames.  This  peat  lies  in  the  bottoms,  between* 
the  shore  and  next  range  of  river  bluffs.  The  experiments 
were  made  under  the  direction  of  the  Davidson  Steamboat 
Company,  by  Capt.  Isaac  Webb,  of  Stillwater. 

43.  At  £ast  Minneapolis,  Mr.  W.  W.  Wales  and  Dr. 
M.  D.  Stoneman  took  out  about  25  cords  of  peat  in  1865* 
The  average  thickness  is  about  eight  feet,  and  the  peat,, 
although  light  and  fibrous  at  the  top,  was  heavy  and  solid' 
below,  becoming  brown,  or  nearly  black.  Digging  and  dry^ 
ing  cost  80  cents  per  cord.  It  was  consumed  in  common, 
stoves,  leaving  a  heavy  ash.  In  cost  it  could  not  compete 
with  pine  wood  from  the  saw  mills. 
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(g)     The  working  of  Peat. 

The.^eat  poroeity  and  consequent  bulk  of  peat  make  it 
exceedingly  desirable  that,  before  it  is  used  for  .fuel,  it 
should  be  compressed »  both  for  the  purpose  of  removing  the 
contained  moisture,  and  of  getting  an  intenser  heat.  The 
brown,  fibrous  peats  are  also  liable  to  crumble  on  beins 
handled,  and  will  not  bear  transportation,  unless  rendered 
more  tenacious  and  dense  by  some  process  of  manufacture. 

To  accomplish  this,  various  methods  have  been  invented. 
The  **  turf"  that  is  extensively  burned  by  the  peasantry  in 
Ireland,  France  and  Germany,  is  simply  taken  from  the 
bog  and  dried  in  the  sun.  When  first  taken  from  the  bog 
its  weight  consists  of  from  70  to  90  per  cent,  of  water. 
When  ready  for  use  it  still  holds  from  20  to  85  per  cent. 
That  which  has  been  stacked  from  six  to  twelve  months  still 
retains  from  18  to  20  per  cent. ,  and  after  being  kept  in  a 
dry  house  for  two  years,  from  10  to  15  per  cent,  of  water. 
Its  heating  efiect  then  is  about  equal  to  that  of  an  equal 
weight  of  pine  wood.  Peat  may  be  condensed  and  prepared 
by  machinery  so  as  to  weigh  more  than  hard  wood.  It  may 
be  made  nearly  as  solid  and  tenacious  as  coal,  its  specific 
gravity  being  nearly  that  of  bituminous  coal.  In  this  form 
it  may  be  subjected  to  a  strong  blattt,  lenderiug  it  useful  in 
.ordinary  grates  and  furnaces. 

Jt  is  intended  to  dscribe  briefly  some  of  the  methods  of 
manufacturing  peat  in  America.  Many  of  the  facts  herein 
stated  are  obtained  from  LeavitCs  Peat  Journal  of  March, 
1867 ;  others  from  Prof.  Johnson's  *'  Peat  and  Us  Uses.'^ 

**  In  this  country  comparatively  little  has  been  done ;  and^ 
until  quite  recently,  no  machinery  whatever,  especially  con* 
'structed  and  adapted  for  the  production  of  solid  fuel  from 
gpeat,  has  been  put  in  practical  operation.    The  impression 
luts  aeemed  to  prevail  that  the  material  is  to  be  treated  like 
clay,  and  that  brick  machines  might  be  leadily  made  to  work 
the  desired  results ;  but  the  idea  is  erroneous.     Numerous 
brick  mahines  have  been  tried,  some  of  them  very  ingeni- 
ously and  perfectly  constructed,  and  which  have  been  dem- 
onstrated to  be  almost  perfect  in  their  operation  upon  clay ; 
but  have  proved  an  entire  failure  when  peat  was  substituted 
instead.    It  is  true,  however,  that  with  two  or  tturee  of  these 
machines  peat  has  been  compressed  into  compact  blocks 
having  the  appearance  of  great  solidity  when  moist;  but  so 
soon  as  the  moisture  is  evaporated,  as  it  will  inevitably  be 
in  time,  the  mass  is  found  to  be  porous  and  light. 
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^*  Quite  a  number  of  presses f  some  of  them  exceedingly 
ingenious  in  device  and  construction ,  and  powerful  in  their 
operation  and  supposed  to  be  so  arranged  as  to  press  the 
water  out  of  the  mass,  and  leave  the  material  compact  and 
nearly  or  quite  dry,  have  been  built  and  tested,  with  failuif 
ot success  as  a  uniform  result;  and  although  the  records 
and  reports  of  such  cases,  both  in  Europe  and  this  country, 
are  sufficiently  extensive  to  explode  the  idea  that  any  profit- 
able results  can  be  obtained  by  pressure  alone,  there  are, 
nevertheless,  those  who  are  still  persistent  in  their  efforts 
to  accomplish  it  by  such  means,  and  are  now  devising  new 
methods  of  applying  pbwerful  pressure,  which,  were  they 
to  consider  but  for  a  moment  the  nature  of  the  material  in 
its  crude  state,  would  be  seen  at  once  to  be  dearly  of  no 
avail.  The  famous  Beater  Press,  which,  within  a  few  years, 
has  acquired  great  notoriety,  and  is  now  probably  the  most 
powerful  press  in  use  for  hay,  straw,  cotton,  tobacco,  &c., 
has  been  tried  several  times  in  New  York  and  Massachu- 
eetts,  by  parties  sanguine  of  success,  but  with  only  the  same 
results  as  with  other  presses/' 

Ashcroji  and  BeUeley*s  Process. — «« Under  the  patents  of 
Ashcrolt  and  Betteley  operations  were  commenced  in  Mas- 
sachusetts in  1864.  Their  process,  as  claimed,  provides  for 
separating  the  fibrous  from  the  thoroughly  decomposed  por- 
tions of  the  peat,  by  combing ;  in  doing  which  the  mass  is 
reduced  to  a  pulp,  which  is  then  conveyed  into  high  tanks 
where  it  is  proposed  to  allow  it  to  remain  until  by  its  own 
weight  and  pressure  it  shall  have  become  sufficiently  dense 
to  be  formed  into  blocks,  when,  by  opening  a  small  gate  near 
the  bottom  of  the  tank,  it  is  presumed  that  the  pressure  of 
the  superincumbent  mass  will  force  it:  out  in  a  continuous 
«heet,  of  uniform  size,  as  regulated  by  the  orifice,  which  may 
then  be  cut  in  blocks  and  laid  away  to  dry." 

Roberts^  Process. — ^The  machinery  set  up  at  Pekin,  New 
York,  in  1865,  is  the  invention  of  Mr.  M.  8.  Roberts.  The 
following  description  of  it  is  from  the  linfialo  JSxpresSf  of 
November  17,  1865  :  **  In  outward  form  the  machine  was 
like  a  small  frame  house  on  wheels,  supposing  the  smoke- 
stack to  be  a  chimney.  The  engine  and  boiler  are  of  loco- 
motive style,  the  engine  being  of  thirteen  horse  power. 
The  principal  features 'of  the  machine  are  a  revolving  eleva- 
tor, and  a  conveyer.  The  elevator  is  seventy-five  feet  long,, 
and  runs  from  the  top  of  the  machine  to  the  ground  where 
the  peat  is  dug  up,  placed  on  the  elevator,  carried  to  the 
top  of  the  machine,  and  dropped  into  a  revolving  wheel  that 
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cuts  it  up,  separates  frooi  it  all  the  coarse  particles,  bits  of 
sticks,  stones,  etc.,  and  throws  them  to  one  side.     The  peat 
is  next  dropped  into  a  box  below,  where  water  is  passed  in 

Sfficient  to  bring  it  to  the  consistency  ot  mortar^  By  means 
a  slide  undei  the  control  of  the  engineer,  it  is  next  sent 
to  the  rear  ot  the  machine,  where  the  conveyer,  one  hundred 
feet  long,  takes  it  and  carries  it  to  within  two  rods  of  the 
end ;  at  which  point  the  peat  begins  to  drop  through  to  the 
ground  to  the  depth  of  about  four  or  five  inches.  When 
sufficient  has  passed  through  to  cover  the  ground  to  the  end 
of  the  conveyer — two  rods —  the  conveyer  is  swung  round 
about  two  feet,  and  the  same  process  gone  through  as  fast 
as  the  ground  under  the  elevator,  for  the  distance  of  two 
rods  in  length,  and  two  feet  in  width,  gets  covered,  the  ele- 
vator being  moved.  After  the  eighteen  rods  are  covered, 
the  machine  is  moved  two  rods  ahead,  enabling  it  to  again 
spread  a  semi-circular  space  of  some  thirty-two  feet  in  width 
by  eighteen  rods  in  length.  The  same  power  which  drives 
the  engine  moves  the  machine.  It  is  estimated  by  Mr. 
Boberts  that  by  the  use  of  this  machine  from  twenty  to  thirty 
tons  of  peat  can  be  turned  out  In  a  day.''  Four  men  are 
required  to  run  it. 

In  this  process,  it  is  to  be  observed  that  the  method 
requires  the  addition  of  a  very  considerable  quantity  of 
water,  before  the  peat  can  be  treated ;  whereas,  a  great 
desideratum  has  ever  been  to  discover  some  process  by 
which  the  large  amount  of  water  the  peat  already  contains 
in  its  natural  state,  may  be  discharged. 

Hodges^  Process. — Mr.  James  Hodges,  of  Montreal,  after 
considering  the  many  difficulties  in  the  way  of  manufacturing 
peat  successfully,  conceived  the  idea  of  a  manufactory  com- 
plete, which  might  be  made  to  float  about  in  the  bog,  exca- 
vating, pulping,  manufacturing  and  spreading  out  the 
pulped  peat  to  dry,  until  some  seventy  per  cent,  was  evap- 
orated, or  it  was  fit  for  carriage  to  the  store  or  to  market. 
After  three  years'  experience,  he  arrived  at  the  conclusion 
that  it  may  be  effected  in  the  following  manner : 

'*An  extensive,  undrained  bog,  from  eight  to  twelve  feet 
in  depth — or  if  deeper  the  better — having  been  selected, 
the  first  process  is  to  trace  out  at  some  distance  from  the 
margin,  a  contour  level  line  of  say  several  miles  in  extent. 
Aloug  this  line,  a  space  ot  some  nineteen  feet  in  width  must 
be  cleared  and  the  live  moss  or  turf  entirely  removed ;  by 
the  side  of  this  a  space  of  ninety  feet  in  width  is  to  be- 
cleared  and  drained  to  receive  the  pulped  peat. 
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<<At  one  end  of  the  oontonr  line  before  mentioned,  a 
bar^e  or  scow,  eighty  feet  long,  sixteen  feet  beam  and  six 
feet  deep,  must  be  constructed,  and  launched  into  a  hole  in 
the  bog  dug  to  receive  her.  The  barge  or  scow  is  to  con- 
tain all  the  machinery  necessary  for  the  complete  maniffac- 
ture  of  the  peat. 

*<At  one  end  of  the  scow  is  placed  a  pair  of  large  screw 
augers,  eleven  feet  in  diameter,  which,  being  provided  with 
proper  shafting  and  gearing,  are  made  to  revolve  by  means 
of  a  steam  engine  placed  on  the  rear  of  the  vessel.  These 
uugers,  or  screw  excavators,  bore  out  the  peat  in  precisely 
the  same  manner  that  a  common  auger  bores  itself  into 
wood ;  and,  the  scow  being  made  to  move  onward  as  the 
boring  proceeds,  it  follows  that  a  channel  nineteen  feet  wide, 
of  from  four  to  six  feet  deep  is  formed,  in  which  the  scow, 
with  her  burden  of  machinery,  floats,  the  water  from  the 
adjacent  peat  draining  into  and  filling  the  canal  as  fast  as 
it  is  made,  the  usual  speed  of  the  scow  being  some  fifteen 
feet  per  hour. 

'<  A  competent  engineer  should  determine  and  lay  out  the 
canal  level,  as  well  as  arrange  its  water  supply,  upon  which 
depends  in  a  great  measure  the  successful  working  of  the 
whole. 

**The  peat,  when  bored  out  or  excavated  by  the  screws, 
is  delivered  into  the  barge,  and  conveyed  by  means  of  an 
elevator  to  a  hopper,  into  which  it  is  tumbled.  It  then 
passes  through  machinery  which  removes  all  sticks  and 
roots,  and,  eventually  destroying  the  fibre,  reduces  the  peat 
to  a  homogeneous  mass  of  softj  pulp,  like  well  tempered 
mortar. 

**Thi8  pulp  then  passes  into  a  long  spout  or  distributor, 
which,  extending  at  right  angles  over  the  side  of  the  scow, 
spreads  out  the  pulp  on  the  leveled  moss  by  the  side  of  the 
canal  in  a  thin  slab  nine  inches  in  thickness  and  ninety  feet 
in  width. 

<*  After  the  slab  of  pulp  has  been  deposited  for  a  couple 
of  days,  or  in  hot  weather  for  a  shorter  period,  it  begins  to 
consolidate,  and  shows  symptoms  of  cracking.  Immediate- 
ly any  cracks  make  their  appearance,  it  must  be  marked  out 
by  drawing  a  frame-work  carrying  curved  knives  placed  six 
inches  apart,  across  it.  A  few  days  more  harden  the  pulp 
so  that  by  the  aid  of  boards  a  man  can  walk  on  it,  and  mark 
it  longitudinally  with  cuts  eighteen  inches  apart. 

**  In  about  a  fortnight,  the  shrinkage  of  the  pulp-slab 
i^uses  the  cuts  made  in  it  to  open,  and  the  whole  present^ 
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the  appearance  of  an  immense  floor  covered  with  brick» 
eighteen  inches  long  by  six  inches  wide.  As  soon  as  the 
bricks  are  sufficiently  hard  to  bear  handling,  they  are  sep- 
arated and  <<  footed;'' that  is,  stood  up  on  the  ends,  five  in 
a  stiook,  with  one  across  the  top,  in  which  position  they  re- 
main until  dry  enough  to  be  removed  to  the  store  or  to  the 
market.     % 

**  In  the  manufacture  of  peat  fuel  considerable  experience  p 

is  required,  and  unless  attention  is  paid  to  matters  of  detail, 
apparently  of  little  importance,  serious  loss  may  be  the  re- 
sult. 

*<  In  forming,  or  uncovering  the  canal  track»  nothing  more 
is  required  than  that  the  turf,  or  live  moss,  about  sir  inchea 
in  thickness,  together  with  the  roots  of  all  trees  upon  the 
surface  of  the  bog,  should  be  removed ;  and  as  upon  all  un- 
drained  bogs  the  roots  of  such  stunted  trees  as  grow  there 
are  all  on  the  surface,  this  operation  is  easily  accomplished. 

*'In  the  preparation  of  the  pulp-beds  great  care  is 
required,  and  a  surface  should  be  obtained  as  level  and 
even  as  possible.  The  roots  of  all  trees  must  be  removed, 
and  this  is  more  readily  accomplished  with,  the  trees  them- 
selves, by  which  means  considerable  labor  is  saved,  one 
man  pulling  them  down  on  one  side,  while  another  with  an 
ax  cuts  the  lateral  roots  at  some  distance  from  the  stem, 
leaving  the  smaller  portions  behind.  The  long  grass, 
shrubs  and  rank  mosses  are  cut  down  with  a  short  scythe, 
and  used  in  filling  up  any  irregularities  in  the  surface. 
Drains  from  nine  to  twelve  inches  deep  should  also  be  cut 
and  covered  over  with  the  spare  turf  taken  from  the  canal 
track.  The  soil  from  the  drains  may  also  be  used  in  level- 
ing and  filling  up  inequalities  in  the  pulp-bed.  In  some 
places,  where  the  growth  of  shrubs  has  been  very  rank  and 
coarse,  the  turf  upon  the  whole  surface  of  the  pulp-beds 
has  been  cut  into  strips  and  inverted ;  but  it  is  better  to  cut 
drains,  and  leave  the  turf  in  its  natural  position.  The  soft 
pulp,  when  poured  upon  it  in  a  semi-fluid  state,  advances 
lava-like,  pressing  down  any  small  branches  of  shrubs  and 
the  long  grasses  which  may  be  standing  in  the  way  of  Ita 
onward  progress. 

**The  pulp  should  not  be  deposited  nearer  than  five  feet 
of  the  canal,  and  upon  this  space  may  be  placed  any  surplua  \ 

moss  or  turf  from  the  uncovering  of  the  canal  track,  which 
will  not  only  keep  the  pulp  in  place,  but  also  form  a  road 
and  towing  path  for  the  canal.     At  the  rear,  or  ninety  feet 


UNIVERSITT  OP  MINNESOTA.  lit 

from  this  bank,  a  double  thickness  of  turf  is  all  that  is  ne- 
oessary  to  complete  the  pulp-beds. 

**  The  canal  track  and  pulp-beds  being  prepared,  and  the 
scow  with  its  machinery  in  position,  nothing  more  is  re- 
quired than  to  set  it  in  motion,  giving  the  necessary  feed, 
say  one  and  a  half  inches  for  each  revolution  of  the  screw 
excavators,  which  may  be  increased  to  three  inches  if  neces- 
sary.  As  the  screws  revolve,  they  cut  off  continuous  slices 
of  the  peat,  which,  by  the  assistance  of  a  couple  of  men,  are 
delivered,  through  the  rear  of  the  shield  the  screws  work 
in,  into  a  well  in  the  bow  of  the  scow.  These  men  also 
remove  any  large  masses  of  extraneous  material,  such  as 
pieces  of  wood,  roots  of  trees,  etc.,  which  may  work  in. 
It  is  Bometimeb  required,  when  working  in  peat  which  is 
very  lull  of  roots,  to  have  a  man  placed  in  front  to  remove 
them  as  they  are  brought  up  by  the  knives  of  the  screws — 
roots  as  much  as  a  man  can  lift  being  occasionally  excavated. 

<<  After  the  peat  is  delivered  into  the  well,  it  is  carried 
by  means  of  an  elevator,  and  tumbled  into  a  hopper^  from 
which  it  passes  through  the  stick  and  fiber  catcher,  the 
pulping  and  distributing  trough,  without  any  assistance 
whatever;  it  being  only  necessary  to  see  that  the  stick 
catcher  is  kept  clear,  and,  occasionally,  when  the  pulp  is 
too  dry,  to  turn  on  a  pump  until  it  is  reduced  to  a  proper 
consistency. 

*<  The  leveling  of  the  pulp  should  be  done  as  evenly  and 
smoothly  as  possible.  A  few  days'  experience  will  enable 
any  intelligent  man  to  accomplish  this ;  and  upon  its  being 
well  done  depends,  in  some  measure,  the  quality  of  skin  up- 
on the  peat, — so  essential,  not  only  in  shedding  .the  rain  and 
preventing  cracking  from  the  sun,  but  also  in  giving  a  per- 
manent toughness  to  the  bricks. 

*«The  crew  of  the  scow,  all  told,  will  number  six,  includ- 
ing the  master  who  keeps  the  knives  of  the  screw  excava- 
tors clean,  and  sees  that  all  is  going  on  right :  two  men  at 
the  screw  excavators,  one  engine  man,  one  man  leveling  the 
pulp,  and  6ne  man  to  tend  the  stick-catcher  and  pulping- 
spout. 

<*The  marking  of  the  pulp-beds  into  transverse  cuts,  at 
six  inch  intervals,  is  proceeded  with  as  soon  as  the  pulp 
begins  to  set,  or  becomes  so  tough  that  when  the  incisions  or 
cuts  are  made  in  it  by  the  Knives,  they  do  not  re-unite.  The 
operation  is  performed  by  two  men,  one  on  each  side  of  the 
pulp-bed,  who  by  means  of  a  (ope  pull  a  frame- work  of 
woodi  carrying  curved  knives  to  and  iro  across  the  bed.    A 
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little  practice  enables  them  to  perform  the  work  with  great 
accuracy.  The  longitudinal  cuts,  eighteen  inches  apart,  ace 
made  as  soon  as  the  pulp  is  sufficiently  hard  to  bear  the 
weight  of  a  man  upon  a  plank  laid  on  its>urface.  It  is  per- 
formed by  pushing  a  circular  plate  of  iron,  which,  cutting 
like  a  circular  saw,  severs  the  peat  to  the  very  bottom*  In 
making  these  last  cutd,  care  should  be  taken  that  they  go 
quite  through  the  peat,  so  that  surface  water  from  rain  may 
freely  pass  off  through  the  drains  in  the  pulp  beds  into  the 
canal. 

*  *  Upon  the  state  of  the  weather  depends  the  time  when 
the  next  operation  should  be  performed ;  but  if  the  pulp- 
slab,  when  first  spread  out,  is  not  more  than  nine  inches  in 
thickness,  which  it  should  never  exceed,  then  a  fortnight 
will  be  ample  time  to  harden  the  bricks  for  footing. 

**  The  fooling  is  done  by  gangs  of  men  and  boys,  one 
man  and  three  boys  working  together ;  the  man,  using  a 
suitable  tool,  separates  the  bricks,  which  the  boys  foot,  o» 
place' in  groups  or  stooks  of  five  ;  four  stand  on  their  ends 
in'blining  to  each  other,  with  their  tops  touching,  the  fifth 
being  balanced  horizontally  upon  them.  A  man  and  tbree 
boys  will  foot  four  thousand  bricks  in  a  day. 

**  After  the  bricks  have  been  exposed  to  the  weather  for 
a  few  days,  they  should  be  re-footed  or  turned,  two  boys 
handling  four  thousand  as  a  day's  work. 

**  Nothing  now  remains  to  be  done  but  to  wheel  the  bricks, 
when  sufficiently  dry,  into  barges,  and  convey  them  to  the 
store." 

Mr.  Hodges'  plan  of  operations  is  rather  extensive,  not 
to  say  immense,  yet  wherever  the  necessary  area  and  sup- 
ply of  peat  can  be  found,  there  can  be  no  doubt  but  his 
method  would  prove  as  profitable  as  any  other,  and  perhaps 
more  so.  It  has  been  put  into  successful  operation  in  Ca- 
nada, and  has  furnished  a  fuel  that,  used  on  the  Grand 
Trunk  Railway,  produced  the  most  promising  results. 

Elaberg^a  Ftoceaa. — ^This  was  invented  by  Dr.  Louis  Els- 
berg,  of  New  York  City,  in  1864,  and  his  experimental 
machinery  was  erected  at  Belleville,  N.  J.  It  is  based  on 
the  principle  of  the  Exter  proceast  an  invention  made  in 
Bavaria,  in  1856.  In  the  latter  method  the  bog  is  laid  dry 
by  drains,  and  the  bushes  and  grass  turf  removed  down  to 
good  peat.  A  gang  of  three  plows  is  then  propelled  by  a 
portable  steam  engine  over  the  surface  tearing  up  ihe  peat 
to  the  depth  of  about  an  in^h.  It  is  then  pulverized  where 
It  lies  by  a  harrow,  drawn  by  oxen.    After  several  turnings 
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by  an  instrument  like  our  cultivator,  in  order  to  expose  it  to 
the  air  and  sun,  it  is  gathered  by  scrapers  and  loaded  in 
wagons,  and  coifveyed  to  tKe  press  or  magazine,  where  it  is 
further  pulverized  by  passing  it  through  a  series  of  toothed 
rollers.  It  then  enters  a  very  complicated  drying  oven, 
where  by  a  series  of  spiral  rollers  it  is  moved  over  successive 
shelves  or  floors,  the  interior  of  the  oven  being  heated  partly 
by  steam  and  partly  by  hot  air.  The  floors  consist  of  steam  • 
chambers,  made  of  iron,  and  the  hot  air  is  made  to  circulate 
over  the  peat  at  a  temperature  of  120^  to  140^  Fah.     The 

tie  peat  is  thence  conveyed  to  the  press  which  forms  it  into 
icks  of  suitable  size  for  locomotives.  It  has  a  specific 
gravity  of  1.14,  and  forms  an  excellent  fuel.  One  cubic 
foot  of  this  pressed  peat  weighs  72  pounds.  The  process  of 
Elsberg  varies  from  this  in  having  a  Cylindrical  pug-mill  in 
which  the  peat,  air-dried  as  in  Exter's  process,  is  further 
broken,  and  at  the  sa^me  time  subjected  to  a  current  of  steam 
admitted  through  a  pipe  and  jacket  surrounding  the  cylinder. 
The  steamed  peat  is  then  condensed  by  presses  similar  to 
those  of  the.Exter  method,  fed  direc^y  from  the  mill.  In 
this  way  the  complicated  drying-oven  of  Exter  is  dispensed 
with.  Samples  of  peat  prepared  by  this  method  have, 
according  to  Prof.  Johnson,. a  specific  gravity  of  1.2  to  1.3. 
LeaviU's  Process. — Mr.  T.  H.  Leavitt,  of  Boston, Mass.,  in 
1865  invented  the  following  machinery  and  method  of  manu- 
facturing peat :  *<  I'he  machinery  consists  of  a  strong  tank  or 
cistern,  three  feet  in  diameter,  and  six  feet  high,  supported 
upon  a  stout  framework  about  four  feet  above  the  floor  of  a 
suitable  building,  which  should  be  near  the  bog,  and  is  best 
constructed  on  a  side -hill  so  that  easy  access  can  be  had  to 
the  lower  story  on  one  side  from  the  base  of  the  bill,  and  to 
the  second  story  on  the  other  side.  The  top  of  this  tank  is 
open,  and  even  with  the  floor  of  the  second  story.  Within 
the  tank,  and  firmly  fixed  to  its  sides,  are  numerous  projec- 
tions of  a  variety  of  forms,  adapted  to  the  treatment  of  the 
material  in  its  several  stages  as  it  progresses  through  the 
mill,  which  is  divided  into  three  apartments ;  through  the 
center  of  the  tank  revolves  an  upright  shaft  to  which  are 
affixed  knived  and  arms  varying  in  form  and  structure 
to  correspond  with  the  stationary  projections  in  each  apart- 
ment ;  below  the  tank  is  a  receiver,  or  hopper ;  and  under 
this  is  a  moulding  or  forming  machine,  two  feet  in  width 
and  twelve  feet  long,  of  like  simple  construction,  which 
receives  the  condensed  material  from  the  hopper  and  deliv- 
ers it  in  blocks  of  any  desired  form  and  size.  The  whole 
15 
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is  adapted  to  be  driven  by  a  small  steam  engine  and  requires 
about  six  and  ten  horse-power  respectively  for  the  two  sizes 
ot  machines  as  at  present  constructed,  or  the  capacity  of 
fifty  and  one  hundred  tons  each  of  crude  peat»  per  day  of  ten 
hours. 

<*  The  crude  material  is  brought  from  the  bog  in  ordinary 
horse  carts,  or  on  small  cars  running  over  a  cheaply  con- 
structed tram-way,  to  the  mouth  of  the  mill,  in  the  floor  of 
the  second  story  of  the  building,  where  it  is  dumped  or  shov- 
.eled  into  the  mill  in  any  convenient  quantity;  but  the  ar- 
rangement is  such  that  only  a  given  amount^is  admitted,  u^ 
under  treatment  at  any  one  time,  so  that  all  parts  havAi 
uniform  and  regular  supply.  The  treatment  is  such  that  the 
original  organization  ot  the  peat  is  entirely  destroyed ;  in 
the  second  stage,  the 'air,  of  which  a  large  amount* is  con- 
tained in  its  cells,  is  ejected;  advantage  is  taken  of  some  of  the 
natural  properties  of  the  material,  and  the  mass  is  condensed 
in  the  moist  state  in  the  lower  part  of  the  mill,  from  whence 
it  18  delivered  into  the  hoppor  of  the  moulding  machine,  and 
is  discharged'in  a  coi||inuous  line  of  moulds  (which  are  fed 
into  the  rear  part  of  the  machine  by  a  boy),  at  the  rate  of 
fifty  to  one  hundred  tons  per  day  of  ten^hours.  The  work 
of  removing  the  blocks  to  the  spreading  ground  is  easily 
accomplished ;  and  they  are  exposed  in  the  open  air  for  dry- 
ing, in  much  the  same  manner  as  bricks  are  exposed  in  a 
brick- yard. 

**The  amount  of  wafer  contained  in  well  drained  peat  is 
ordinarily  from  65  to  75  per  cent.,  varying  according  to  the 
character  of  the  material  and  the  drainage  of  the  meadow  ; 
so  that  the  weight  of  dry,  hatd  fuel  from  the  product  of  a 
day's  operations,  is  from  12  to  17  tons,  or  25  to  35  tons^ 
from  the  twb  sizes  of  machines  respectively. 

**  The  water  remaining  in  the  blocks  as  they  come  frdm 
the  mill  can  be  got  rid  of  only  by  evaporation,  which  goes 
on  very  rapidly  alter  this  method  of  treatment;  and  the 
fuel  is,  at  the  expiration  of  about  six  to  ten  days,  sometimes 
in  four  or  five,  in  condition  to  be  housed  or  transported  to 
market.'' 

The  Mae  Process. — This  invention,  patented  May  28» 
1866,  was  made  by  Dr.  Julio  H.  Kae,  of  Syracuse,  N.  Y. 
It  is  thus  described  in  a  circular  issued  by  the  owners: 
**  The  peat  is  delivered  into  the  top  of  a  cylinder  placed  in 
a  vertical  positioir,  in  which  is  a  revolving  shaft,  to  which 
are  permanently  fastened,  near  its  top,  two  or  more  arms, 
which  are  set  at  an  angle  with  the  axis  of  the   shaft,  their 
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office  being  to  draw  down  the  peat  from  the  top  of  the  cylin- 
der and  feed  it  along  into  that  part  of  the  cylinder  where  iC 
will  be  subjected  to  the  action  of  the  revolying  knives  or 
cuttersy  which  are  found  on  the  under  side  of  the  blades 
projecting  from  the  shaft,  andjplaced  at  an  angle  with  the 
axis  of  the  shaft.  The  number  of  blades  can  be  varied,  and 
also  the  number  of  cutters  on  the  blades.  In  a  cylinder  of 
about  four  feet  in  length  about  seven  such  blades  can  be 
used  advantageously.  They  are  arranged  around  the  shaft 
in  spiral  order,  and  are  so  inclined  that  the  front  edge  of 
eacii  blade  is  higher  than  the  rear  edge,  whereby  they  are 
made  to  give  a  downward  impulse  to  the  peat  as  they  ve^ 
volve.  Below  the  lowest  blade  is  a  propeller,  consisting  of 
a  series  of  blades,  each  bent  so  as  to  form  a  section  of  a 
screw,  but  the  blades  are  fastened  to  the  shaft  in  the  same 
plane.  The  office  of  the  propeller  is  to  seize  the  peat  and 
press  it  downward  through  an  opening  in  the  bottom  of  the 
cylinder  info  a  chamber,  wherein  are  placed  conveyors  that 
convey  and  force  the  peat  into  condensing  and  discharging 
tubes  that  project  through  the  sides  of  the  chamber.  The 
condensing  tubes  and  the  conveyors  are  placed  in  a  horizon-^ 
tal  position,  the  ends  of  the  conveyors  leaching  a  little  way 
within  the  tubes,  but  they  can  be  arranged  in  any  other  de« 
sired  position.  The  inner  ends  of  the  tubes  are  cylindrical 
and  the  tubes  gradually  decrease  in  diameter  for  about  one- 
half  their  length,  so  as  to  resemble  the  frustum  of  a  cone^ 
From  or  near  the  point  of  their  greatest  contraction,  the  tube» 
assume  a  shape  nearly  semi-cylindrical,  retaining  that  shape 
to  their  outer  ends,  and  gradually  increasing  again  in  diam- 
ter.  The  rounded  upper  side  of  the  tubes  at  their  discharge 
end,  gives  a  corresponding  rounded  form  to  the  peat  that  ie 
forced  through  them,  but  any  other  form  may  be  adopted* 
The  peat  is  received  from  the  ends  of  the  discharging  tube» 
on  the  ground  or  upon  a  traveling  belt  or  platform,  and  may 
be  cut  up  immediately  into  proper  lengths,  convenient  to  be 
bandied  in  drying. 

<«  There  are  four  sizes  of  these  machines,  viz. : 

*<No.  1,  requiring  about  one  horse-power,  designed  for 
farmers,  is  capable  of  turning  out  per  day  what,  when 
properly  dried,  will  make  from  four  to  six  tons  of  merchant- 
able fuel. 

**  No  2  is  double  the  capacity  of  No.  1,  requiring  about 
two  horse  power. 

«*No.  3  is  a  combination  of  Nos.  1  and  2,  nearly  double 
their  capacity^  requiring  from  four  to  six  horse  power. 
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**  No.  4  is  more  than  double  the  capacity  of  No.  3,  requir- 
log  from  eight  to  twelve  horse  power,  and  capable  of  turning 
out  per  day  enough  peat  to  make,  when  cured »  forty  tons 
of  merchantable  fuel." 

These  machines  were  run,  a  few  years  ago,  by  the  Min- 
nesota Peat  Company,  of  St.  Paul,  and  the  Minnesota 
Packet  Company.  In  simplicity  of  construction,  and  in 
power  and  capacity,  these  mills  seem  to  excel.  They  also 
have  a  very  great  advantage  over  Leavitt's  and  all  others 
employing  moulds  for  giving  shape  to  the  condensed  peat. 
The  use  of  the  moulds  is  cumbersome  and  expensive. 

The  Aubin  Process. — ^This  method  was  inaugurated  at 
Meriden,  Conn.,  in  1870.  It  covers  different  patents, 
designed  for  economizing  labor,  obtained  in  1868  and  1869. 
The  following  description  is  from  the  circular  issued  by  the 
Agents  in  New  York,  in  1870:  <*If  the  manufacture  of 
the  fuel  is  to  be  carried  on  upon  a  limited  scale,  of  say  five 
tons,  or  thirty  to  fifty  tons  per  day,  hand  labor,  with  the 
ordinary  long-handled  shovel,  is  probably  the  simplest  and 
cheapest  way  to  get  the  peat  up  from  the  deposit ;  it  is  then 
thrown  into  wheelbarrows,  and  if  the  distance  be  not  too 
great,  can  be  dumped  directly  into  the  mouth  of  the  eleva- 
tor. When  peat  to  be  dug  is  at  a  suiScient  distance  from 
the  machine  to  justify  or  necessitate  the  use  of  cars,  then  a 
set  of  double  portable  rails  can  be  employed.  When  the 
swamp  cannot  possibly  be  drained,  the  use  of  scows  or  wire 
tramways  may  be  resorted  to.  For  large  operations,  to 
supply  railroads  or  manufacturing  districts,  a  steam  digger, 
on  a  scow,  or  on  tracks,  will  be,  of  course,  cheaper  than 
hand-labor. 

'*  The  peat,  once  di^g  and  conveyed  from  the  pit,  falls 
into  a  large  hopper,  from  which  a  screw  elevator,  especially 
devised  for  peat,  propels  it  up  to  the  slicing  and  cleaning 
apparatus,  placed  above  the  grinding  and  puddling  cylinder. 
When  the  bos:  cannot  be  drained,  the  peat  taken  from  it 
i^ontains,  of  course,  too  large  a  proportion  of  water  for  thor- 
ough and  economical  working ;  in  such  case  the  elevator  is 
lurnisbed  with  a  wringer^  which  can  be  operated  or  not,  at 
will,  and  arranged  to  separate  the  surplus  water  as  the  mate- 
rial passes  through  it.  The  peat,  in  a  fit  condition  to  work 
up  well,  being  elevated  in  a  continuous  and  evenly-fed  sup- 
ply, falls  into  the  slicer  and  cleaner.  This  portion  of  the 
apparatus  is  composed  of  a  series  of  rapidly  revolving  cut- 
ters, which,  owing  to  their  peculiar  form  and  position,  slice 
the  peat  and  separate  froju  it  ftll  bard  or  foreign  substances. 
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From  the  slicer  and  cleaner  the  peat,  still  better  fitted  for 
grinding,  falls  into  the  grinding  and  pulverising  machine. 
This  is  a  cylinder  three  feet  in  diameter  by  six  feet  long,  and 
made  of  boiler-plate  iron.  The  cylinder  itself  is  stationary, 
bat  within  is  a  large  revolving  iron  drum,  eighteen  inches 
in  diameter.  To  this  are  bolted  in  two  spiral  rows,  forty- 
four  cast  iron  knives,  all  nine  inches  long,  but  of  three  slightly 
varying  shapes,  and  three  sizes,  increasing  toward  the  mouth 
of  the  cylinder.  These  knives  are  named,  according  to  size,. 
cutters 9  grinders  and  puddlers,  and  remind  one  "very  much 
of  the  three  kinds  ot  teeth,  incisors,  canines  and  molars. 
They  are  between  one  and  three  inches  in  thickness  and 
have  each  several  square  corners,  but  no  sharp  edges.  At- 
tached to  the  inside  of  the  cylinder,  under  the  drum,  is  a 
corresponding  fixed  series  of  twenty-two  nearly  crescent- 
shaped  iron  knives.  Between  these  and  the  revolving  knives 
the  peat  is^carried  along,  cut,  ground  and  perfectly  **pulped," 
and  falls,  finally,  into  a  sluggish  stream,  through  a  spout  a 
foot  or  more  square,  into  a  large  wooden  moulding  hopper. 
Along  one  side  of  the  cylinder  is  the  **  stone  pocket,"  a  long, 
spacious  iron  trough,  placed  horizontally.  It  has  an  exterior 
cover  for  removing  its  contents,  and  communicates  with  the 
interior  of  the  cylinder,  to  which  it  is  attached  in  such  a 
position  that  the  revolving  knives  necessarily  throw  any 
stone  or  other  hard  substance  into  the  pocket,  instead  of 
crushing  it  against  the  fixed  knives.  This  contrivance  is 
simple  and  effective.  Under  the  moulding  hopper  is  a  series 
of  rollers  set  in  a  long,  stout  frame,  about  four  feet  high 
and  three  feet  >?ide,  called  the  conveyor.  K)ne  man  puts  a 
shallow  wooden  box  or  mould  into  a  trough  of  water.  An- 
other submerges  and  removes  it  and  lays  it  on  a  little 
branch  of  the  conveyor.  Here  a  ^wooden  pusher  strikes  it  a 
blow  and  sends  it  on  the  main  conveyor ;  another  drives  it 
into  the  narrow  space  under  the  moulding  hopper,  where 
the  weight  of  the^  peat  and  the  hopper's  peculiar^ shape  fill 
it,  before  another  blow  from  the  same  pusher  forces  a  second 
mould  under  the  hoppet  and  expels  the  first.  Other  moulds 
rapidly  follow,  moving  the  first  slowly  along  till  a  third 
pusher  thrusts  it  upon  a  little  side-shelf,  from  which  two 
men  easily  set  it  down  with  eleven  of  its  fellows,  in  three 
piles  of  four  each,  upon  a  wooden  four-wheeled  car. 

**  The  drying  field  is  a  large,  smooth  meadow,  crossed  by 
two  main  tracks,  running  1,500  feet  in  a  straight  line  from 
the  machine,  and  intersected  at  right  angles  by  cross-tracks, 
150  feet  apart,  and  running  800  feet  each  way  from  the 
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matn  tracks^  with  turn-tables  at  the  junctions.  These  tracks 
are  three  feet  wide,  and  laid  with  iron  rails  near  the  machine, 
and  wooden  rails  where  the  wear  is  less.  There  is  a  short 
switch-track,  built  so  that  three  cars,  instead  of  two,  can  be 
run  up  to  the  conveyor  at  once,  though^  only  one  can  be 
loaded  at  a  time. 

<<  The  pulverized  peat  is  so  tenaciously  adhesive  that  the 
moulds  used  are  of  a  novel  construction,  to  meet  this  diffi- 
culty. They  are  four  and  a  half  feet  long  by  two  feet  wide, 
jand  five  inches  deep.  The  corners  are  secured  with  iron 
x^lamps,  and  an  extra  strip  is  nailed  at  each  end  to  serve  as 
^  handle.  The  bottom  is  removeable,  and  across  it  are  fast, 
ened,  at  equal  distances,  ten  pine  strips,  about  two  and  a 
iuilf  inches  high  and  an  inch  wide  at  the  base,  but  beveled 
^ff  on  each  side  to  one-third  that  thickness  at  the  top.  These 
moulds  cost  about  $2.50  each,  and  about  500  of  them  are  in 
use. 

*<  Each  car  is  propelled  by  two  men.  Four  men  unload 
it.  Two  seize  a  mould,  one  at  each  end,  walk  briskly 
away  with  it  to  the  place  where  it  is  to  be  dumped,  tip  it 
wrong  side  up,  jerk  olT  the  side  frame,  and  drop  it  on  the 
grass,  pick  the  bottom  off  the  sticky  mass  of  **  pulp,''  toss 
it  into  the  frame,  catch  up  the  empty  mould  again,  and  trot 
back  to  the  car.  This  process  is  repeated  with  the  other 
moulds.  When  first  emptied,  the  wet,  black  peat  is  just 
dense  enough  to  keep  its  shape ;  but  in  the  warm  season  it 
hardens  so  fast  that  within  forty-eight  hours  it  will  resist 
the  severest  storm,  and  then  resume  the  dry ing  process  when 
the  weather  clea^,  at  the  point  where  the  rain  interrupted 
it.  Strange  as  it  may  seem,  this  peat  fuel  absorbs  much 
less  water  than  wood  does,  and  hence  can  be  dried  on  the 
bare  earth,  under  the  open  sky.  It  does  not  even  adhere 
to  the  grasb,  which,  however,  is  soon  worn  away. 

*  *  As  it  dries  the  peat  shrinks  to  about  half  its  first  thick- 
ness, changes  color  from  black  to  brown,  and  cracks  along 
the  grooves,  so  that  when  it  is  half  dry,  boys  can  easily 
*hack'  it — f.  e.,  break  each  mould  into  about  twenty 
pieces,  and  pile  it  in  two  or  three  small,  loose  heaps.  In 
two  weeks  or  a  month,  according  to  the  weather,  the  peat 
18  dry  enough  to  be  gathered  by  men  or  boys,  in  baskets, 
barrows  or  carts,  and  stored  in  covered  wooden  sheds,  with 
wide  cracks  between  the  sideboards  to  admit  air,  and  the 
ends  left  open. 

**  The  capacity  of  the  three  foot  cylinder  per  day,  at  thirty 
revolutions  regularly  fed,  is  seventy-five  tons  of  dry  fuel. 
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Whatever  be  the   number  of   revolutions,  the  moulding 
machine  adapts  itself  to  the  demand. 

*<  The  cost  of  machinery,  including  engine^  hoUera^  and 
entire  equipment,  is  dependent  on  the  amount  of  fuel  it  is 
required  to  be  produced  by  the  operator ;  being  for  small 
works,  intended  for  horse-power — say  five  tons  per  day^^ 
about  $200;  for  a  product  of  250  tons  per  day,  about 
$20,000^an  engine  of  eighty  horse  power  being  required  to 
drive  the  latter." 

HaighCa  Process. — This  is  the  invention  of  Mr.  W.  Z. 
Haight,  of  Delavan,  Faribault  countjr^  Minnesota.  It  has 
been  successfully  operated  at  Fairmont,  in  Martin  county, 
and  at  Wells,  in  Faribault  county.  At  the  latter  place  it 
was  taken  for  locomotives  by  the  Southern  Minnesota  Rail- 
road. The  works  at  this  place  have  been  thus  described  by 
the  Wells  Atlas: 

**  A  bold  bank  is  selected,  in  order  to  secure  a  good  dry- 
ing yard  close  to  the  bog,  on  which  the  engine  and  machinery 
is  located,  where  a  frame  is  erected  12x16  feet  and  eight  feet 
high,  from  the  top  of  which  a  wooden  car  track,  supported 
by  a  light  trestle-work,  descends  to  the  surface  of  the  bogi 
a  distance  of  150  feet,  with  a  fall  of  25  feet.  From  that 
point  the  track  is  made  in  sections  of  14  feet  each,  which  are 
portable,  thrown  down  on  the  surface  of  the  bog,  and  with 
the  use  of  a  few  curved  sections,  the  track  can  be  shifted  in 
any  direction  so  as  to  excavate  the  entire  bog  that  is  in  reach. 
This  track  can  be  extended  many  hundred  feet  out  across 
the  surfiiice  of  the  bog,  if  desired,  giving  access  to  several 
acres.  On  this  track  one  car  plies,  which  is  loaded  by  three 
men  who  stand  by  the  edge  of  the  excavation,  (water  being 
lowered  about  six  inches  from  the  surface  to  insure  dry  feet). 
The  sod  is  cut  up  into  chunks,  with  sharp,  diamond  pointed, 
spade  like  tools,  from  two  to  four  feet  deep,  according  to 
depth  of  the  peat,  and  left  submerged  in  the  water  until  the 
car  is  at  the  proper  place,  when  the  chunks  are  pitched  from 
the  water  into  the  car,  with  common  four-tiued  forks,  and 
when  the  regular  amount,  about  two  tons,  is  loaded  into  the 
car,  it  is  hauled  by  the  power  of  the  engme  up  the  incline, 
over  the  large  platform  under  which  the  mill  is  situated,  and 
by  a  simple  contrivance  the  car  is  made  to  dump  its  load, 
also  to  unship  the  windlass  from  the  power  that  hauled  it 
up,  being  no  trouble  to  the  feeder,  who  at  will  starts  the  car 
back,  which,  in  going  down  the  inclined  plane  gains  momen- 
tum that  carries  it  out  hundreds  of  feet  along  the  level  track. 
Meanwhile  the  men  in  the  bog  do  th6  necessary  work,  cut^ 
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ting  chunks  for  another  load,  io  there  is  no  time  lost  in 
the  absence  of  the  car.  The  feeder,  who  stands  on  the  plat- 
form, then  feeds  the  turfy  mass  into  the  mill,  which  is  an 
ingeniously  constructed  machine,  though  simple,  very  dura« 
ble,  so  arranged  with  knives  cutting  through  grates,  pickers, 
conveyers,  &c*,  that  it  will  treat  the  most  fibrous  mass  or 
sod  peat  that  can  be  produced  and  reduce  it  to  a  pulp  or 
jelly  at  once,  and  that  too  without  clogging  or  winding  in 
the  machine.  Owing  to  its  perfectness  it  renders  it  unne- 
cessary to  strip  off  the  top  sod  from  the  bog,  all  that  is 
necessary  being  to  mow  off  the  grass  or  other  vegetation,  if 
there  is  any  growing  thereon,  thereby  saving  considerable  ex« 
pense  in  labor,  also  a  good  part  of  the  fuel,  when  ground 
up  with  the  lower  or  more  decomposed  peat.  By  the  convey- 
ers, the  peat,  as  fast  as  pulped,  is  forced  through  a  pipe 
into  a  vat  with  dump  bottom,  which  holds  one  cart  load. 
Here  the  cartman  receives  it  by  driving  his  cart  under  and 
dumping  a  load  into  it  from  the  vat,  adjusts  the  vat  bottom^ 
drives  to  the  spreading  ground,  dumps  his  load  from  the 
cart  aY)d  returns,  during  which  time  another  load  has  acca* 
mulated  in  the  vat.  The  pulp  is  dumped  on  a  smooth  plat 
of  ground,  where  a  man  with  a  common  shovel  spreads  it 
into  beds  four  inches  thick,  nine  feet  wide,  and  as  long  a» 
necessary,  setting  up  boards  at  the  sides  to  keep  it  from 
spreading,  who  is  followed  by  another  man  with  a  tool  sim- 
ilar to  a  rolling  colter  for  a  plow,  fixed  on  a  long  handle, 
who  cuts  the  bed  of  soft  peat  into  blocks  8x13  inches,  which 
commence  to  solidify  at  once  by  the  ejection  of  the  water, 
and  in  one  or  two  days,  by  the  use  of  a  light  tool  made  ex- 
pressly for  the  purpose,  these  blocks  are  tipped  up  on  edge 
or  corners  promiscuously,  so  the  sun  and  wind  can  have  a 
better  chance  at  them.  In  two  days  more  they  aro  piled  in 
open  ricks,  in  which  posture  they  remain  on  an  average, 
two  weeks,  when  they  are  housed  to  finish  drying. 

<«  The  cost,  the  past  season,  of  running  this  establishment, 
at  a  capacity  o(  60  tons  of  wet  or  15  tons  of  dry  peat  per 
day,  (equal  at  least,  when  properly  prepared  and  well  sea- 
soned, to  15  cords  of  good  wood,)  is  as  follows : 

Saperintendent • $8  50 

Engineer  per  day 8  76 

Three  men  in  bog  to  load  car • • 6  00 

Man  to  spread  pulped  peat  into  beds 1  50 

Boy  to  torn  op  blocks • • «.  i  00 

Two  boys  to  rick  op  blocks 8  00 

Man  tolled  peat  into  mill 1  50 

Boy  to  drive  cart*. •* • / • l  00 
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Man  to  cut  peat  Into  blocks.. .....••  1  50 

Carthorse 1  00 

One  tou  peat  at  cost  price  for  engine • ••  1  72 

For  oil,  and  wear  and  tear  on  engine 1  00 

Add  22  cts.  per  ton  for  housing  15  tons,  one  day's  product 3  SO 

Total , |26  77 

*<  All  the  peat  is  being  sold  at  $4.00  a  ton,  except  that  to 
the  Railroad  Co.,  at  which  price  the  yield  per  day  would  be 
$60.00.  Subtract  from  that  the  amount  of  expenses,  $26,779 
leaves  $33.23 — a  handsome  profit.  The  price  of  peat  per 
ton  should  be  estimated  equal  to  that  of  good  wood  per  cord, 
sawed  and  split  for  stove  fuel,  and  unsawed  for  steam  pow- 
ers. 

**  The  cost  of  an  establishment,  excepting  engine  and  dry 
ing  sheds,  capable  of  manufacturing  100  tons  of  wet  peat, 
or  25  tons  when  dry,  per  day, — Mill  $400.  Frame,  trestle- 
work,  car  track,  car,  dump  cart,  &c.,  about  $300. 

**  This  is  the  cheapest  mode  of  utilizins^  the  peat,  both  as 
to  the  matter  of  machinery  and  labor,  that  we  have  any  ac- 
count of,  and  as  it  has  been  practically  proven  a  success  at 
this  place,  we  see  no  reason,  it  the  the  same  plan  be  follow- 
ed, why  it  should  not  be  equally  successful  elsewhere." 

It  must  be  admitted,  however,  that  although  great  pro- 
gress has  been  made  in  this  country  in  the  construction  of 
machinery  for  the  manufacture  ot  peat,  a  great  deal  of  labor 
and  capital  have  been  consumed  to  no  purpose.  Many  of 
the  companies  that  with  hundreds  of  thousands  of  capital 
each,  sprang  into  existence  a  few  years  ago  when  a  feverish 
excitement  spread  over  the  country  in  reference  to  peat, 
have  entirely  disappeared,  and  nothing  remains  to  witness 
their  folly  but  the  idle  and  rusty  machinery  they  'invented'' 
or  purchased,  and  the  almost  forgotten  titles  to  thousands 
of  bogs,  which  they  eagerly  bought.  This  phase  of  the  peat 
enterprise  is  not,  however,  the  just  criterion  by  which 
to  judge  of  it.  It  is  only  an  index  of  a  deep  seated  want. 
The  unmatured  developments  of  the  first  peat  agitators  in 
this  country  were  enough  to  start  into  a  flame  the  desire  of 
the  people  for  relief  from  the  high  prices  of  wood  and  coal. 
The  result  was  a  wide-spread  speculation.  From  this  there 
has  been  a  corresponding  reaction.  This  however  does  not 
in  the  least  afiect  the  real  value  of  peat  as  a  fuel,  nor  detract 
from  the  credit  of  the  inventions  that  have  been  made. 
Sober-minded  men,  consumers  of  large  quantities  of  fuel, 
have  in  some  instances,  and  in  various  parts  of  the  country, 
steadily  and  persistently  followed  up  the  matter.  Here  and 
16 
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there  a  railroad,  an  iron- furnace,  a  manufacturing  establish* 
ment  or  a  family  has  continued  to  produce  and  use  peat  fuel 
until  it  hrs  won  much  of  its  lost  favor,  and  is  now  in  actual 
demand  by  consumers  of  the  heaviest  class,  who  are  ready 
to  purchase  largely  and  at  highly  renumerative  prices.  This 
demand  however  is  one  that  will  not  be  met  by  anything  less 
than  a  constant  and  steady  supply,  equal  to  its  requirements. 
It  calls  for  the  best  machinery,  equipped  with  the  best 
lacilities  and  aids,  and  backed  by  large  capital.  The  follow- 
ing extract  is  from  a  letter  to  the  writer  from  T.  H.  Lieavitt, 
of  Boston,  dated  Dec.  3, 1873 : 

**  The  most  active  and  really  practical  operations  in  peat 
and  its  utilization  of  which  I  have  present  knowledge  |ire  in 
the  Lake  Superior  iron  regions  of  Michigan. 

**  In  October  last  I  made  a  trip  there  and  at  Ishpeming, 
near  Marquette,  witnessed  the  successful  use  of  peat  fuel 
for  the  smelting  of  the  ores  of  that  region.  Operations 
more  or  less  experimental  have  been  quietly  prosecuted 
there  during  the  last  four  years.  A  furnace  of  moderate 
capacity,  especially  adapted  for  smelting  with  peat,  has 
recently  been  constructed  and  was  put  in  operation  about 
ten  days  before  I  was  there,  and  was  then  in  most  perfect 
operation,  and  was  considered  a  decided  success  as  regards 
economy,  ease  of  management,  quality  and  quantity  of 
metal  produced,  &c. 

**  The  fuel  was  very  poorly  made,  (lacking  the  density 
which  might  easily  be  given  it,  weighing  35  lbs.  per  bushel, 
whereas  it  might  probably  be  made  to  weigh  40,  45  to  50  lbs. 
at  no  greater  cost,)  and  in  many  things  they  lacked  experience, 
but  all  appeared  enthusiastic  of  their  success.  They  commenc- 
ed with  charcoal  and  ten  per  cent,  peat,  gradually  inci easing 
until  at  the  tioie  I  was  there  they  were  using  upwards  of  70 
per  cent,  of  peat,  and  were  only  waiting  permission  from  the 
agent  to  use  all  peat,  which  the  furnace  men  assured  me 
they  were  convinced  would  be  not  only  successfully  done, 
but  be  actually  better  than  to  use  any  mixture  of  charcoal. 
The  metal  produced  was  regarded  as  fully  equal  in  quality 
and  perhaps  superior  to  the  rery  best  grade  ever  produced 
in  that  region. 

**  Considering  the  intmense  quantities  of  peat  in  that  re- 
gion and  the  success  attained  with  a  luel  so  poorly  manufac- 
tured, I  can  but  feel  that  for  that  region  and  its  iron  interests 
the  peat-fuel  enterprise  has  yet  a  prominent  and  rery  im- 
portant place  to  fill. 


UNIVBBSITT  OF  MINNESOTA.  123 

**  The  cost  of  producing  the  fuel  there  is  stated  to  be  |3 
per  ton.'* 

(h)    The  Value  of  Peat  for  Fud. 

It  is  not  intended  here  to  attempt  the  details  of  experi- 
ments and  comparisons  with  the  view  of  demonstrating  the 
usefulness  of  peat  as  a  fuel  for  domestic  and  metallurgical 
purposes.  That  has  already  been  abundantly  attested  by 
the  approval  of  railroad  engineers,  who  have  used  it,  and  are 
still  using  it,  both  in  this  country  and  in  Europe,  and  of 
owners  of  furnaces  and  manufacturing  establishments,  as 
well  as  by  the  testimony  of  chemists  and  government  com- 
missioners that  have  reported  on  its  working,  in  France,  in 
Oermany  and  in  America.  The  following  tabulated  com- 
parisons are  given  for  the  purpose  of  placing  within  reach  of 
those  within  the  State  interested  in  this  subject,  reliable 
means  of  estimating  the  cost  of  peat,  ^and  its  heating  ca- 
pacity, compared  with  other  kinds  of  fuel.  These  are  the 
results  of  careful  and  long-continued  experimentation : 

(1)      Weight  for  weight. 

The  following  comparisons  are  given  by  Gysser,  on 
certain  woods  and  charcoals  in  Germany,  the  basis  being 
equal  weights  of  each.* 

Beech  wood,  split,  air-dried. • 1.00 

Peat,  condensed  by  Weber  and  Gysser's  method,  air-dried,  with 

26  per  cent,  of  moisture •  •  •  •     1.00 

Peat,  condensed  by  Weber  and  Gysser's  method,  hot-dried, 

with  10  per  cent,  moisture •  •     1.48 

Peat  charcoal,  flrom  condensed  peat 1.78 

The  same  peat,  simply  cut  and  air  dried. «••      .80 

Beech  charcoal • 1.90 

8ammer-oak  wood • • 1.18 

Birch  wood 96 

White  pine  wood 72 

Alder 66 

Linden 66 

Bed  pine 61 

Poplar..... 60 

•<  The  general  results  of  the  investigations  hitherto  made 
on  all  the  common  kinds  of  fuel,  are  given  in  the  sub- 
joined statement.  The  comparisons  are  made  in  units  of 
heat,  aud  refer  to  equal  weights  of  the  materials  experi- 
mented with."     \_Peat  and  its  UseSf  p.  102.] 

•See  Prof.  Johnson*!  "Peat  and  its  Uses,"  p.  97. 
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Air-dry  wood 2,800 

Air-dry  peat 2,500  8,000 

Perfectly  dry  wood 8,M0 

Perfectly  dry  peat 8,000  4,000 

Air-dry  lignite,  or  brown  coal 8,800  4,200 

Perfectly  dry  lignite,  or  brown  coal 4,000  5,000 

Bituminous  coal 8,800  7,000 

Anthracite  coal 7,500 

Woodcharcoal 6,800  7,500 

Coke.   6,500  7,600 

(2)     Bulk  Jot  bulk. 

One  of  the  greatest  obstacles  to  the  general  use  of  peat 
for  fuel  consists  in  its  bulkiness.  Uncondensed  peat,  air- 
driedy  will  occupy  two  and  a  half  times  the  amount  of 
storage  room  that  anthracite  coal  will,  the  weights  being 
equal.  As  it  is  also  of  lower  heating  capacity,  requiring 
two  and  a  quarter  tons  of  peat  to  equal  one  of  anthracite, 
the  bulk  required  for  the  peat  would  be  equal  to  five  and 
five-eighths  times  that  of  coal.  By  condensation  peat  is 
greatly  improved  in  heating  capacity  and  in  convenience 
of  handling.  Johnson  gives  the  following  as  the  compo- 
sition  and  density  of  the  best  condensed  peat,  compared 
with  that  of  hard  wood  and  anthracite. 

OzyKen  and  Sp«elfle 

In  100  parts.  Carbon.     Hydrogen.  Nitrogen.       Ash.         Water.     OrsTity. 

Wood 89.6  4.8  848  0.8  20.0        0.76 

Condensed  Peat 47.8  4.9  82.9  5.0  20.0       1.20 

Anthracite 91.8  2.9  2.8  8.0  ....       1.40 

Theheatinfi^  power  of  peat,  ot  the  different  qualities, 
taken  from  different  depths,  compared  with  pine  wood,  are 
thus  given  by  Prof.  Johnson,  after  Karmarsch,  equal  bulks 
being  taken  instead  of  equal  weights : 

100  cQ.ft.of  tariy  peat,  on  the  average, »  88  ca.  ft.  of  pine  wood  in  stick* 
*«         fibrous       •*  ««         =  90      "  "  " 

«*         earthy        «*  "         «145       **  "  " 

"         pitchy        "  *•         =184       ««  "  " 

The  following  also  shows  the  relative  heating  effect  and 
weights  ot  an  English  cord  of  oak  wood  f  taken  at  ICO  as 
the  standard)  and  of  several  Euiopean  air-aried  peats,  bulk 
for  bulk,  quoted  from  Brix  by  Prof.  Johnson : 

Weight  per  cord.     HeaUog  Rffeet. 

Oak  wood 4,1501bs.  100. 

Peat  fjrom  Llnnm,  1st  qaality,  dense  and  pitchy  8,400  **  70. 

2nd  qaality,  flbroos 2,900  ««  55. 

«*               «*         8rd  quality,  tarf> 2,270  <*  58. 

Feat  lh>m  Bnechsenfeld,  1st  quality,  hard  and 

pitchy 8,400  ••  74. 

Peat  flrom  Bnechsenfeld,  2nd  qaaUty %780  '  •  64. 
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(i)     JVhat  has  been  done  in  PeaA. 

A  few  years  ago  the  question  of  manufaoturing  peat  was 
put  to  a  practical  test  by  the  Minnesota  Peat  Company,  lo- 
cated at  St.  Paul.  The  Bae  machinery  was  used.  The 
work  was  continued  long  enough  to  show  that  it  was  not 
profitable  at  the  current  prices  of  wood,  and  was  suspended. 
A  similar  attempt  was  made  at  Bed  Wing,  about  the  same 
time,  and  with  the  same  result.  The  process  used  there  is 
not  known.  In  Southern  Minnesota  Mr.  W.  Z.  Haight  has 
prosecuted  the  manufacture  more  successfully,  ancl  is  now 
engaged  in  erecting  the  necessary  buildings  and  apparatus 
for  working  peat  by  his  process  the  coming  season,  at  Lura 
Station,'  in  Faribault  county.  He  produced,  at  a  cost  of 
two  dollars  per  ton,  a  good  fuel  at  Wells,  in  the  summer  of 
1871,  with  his  machinery,  which  was  well  suited  for  use  in 
locomotives.  The  stoppage  of  his  work  there  was  not  due 
to  a  failure  to  produce  a  good  fuel,  nor  to  its  being  too 
i)08tly,  but,  he  says,  to  a  lack  of  demand  sufficiently  large 
to  warrant  extensive  operations.  His  method  is  described 
in  a  preceding  section.  Except  the  preparation  of  small 
amounts  in  St.  Paul,  by  Dr.  C.  D.  Williams,  for  experi- 
mentation, the  foregoing  are  believed  to  be  the  only  at- 
tempts that  have  ever  been  made  in  the  State  of  Minnesota, 
to  produce  from  the  peat  deposits  of  the  State  a  fuel  for 
general  consumption  by  any  process  of  manufacture. 

(j)     Raw  or  Manufactured  Peat. 

Some  experiments  have  been  made  by  Dr.  C.  D.Williams 
on  a  fuel  made  by  a  saturation  of  turf-peat  with  the  resid- 
uum, or  <<  shale  oil,'' that  is  a  product  of  the  petroleum 
refineries  of  Pennsylvania.  These  trials  demonstrate  that 
a  good  fuel  may  thus  be  fonned.  The  combustible  material 
in  the  turf  itself  is  not  so  much  as  in  true  peat.  The  anal- 
yses of  Prof.  Peckham  show  the  greater  per  cent,  of  ash  in 
excess  of  that  of  peat.  This  shale  oil  has  a  carbonaceous 
<K>mposition,  not  yet  certainly  ascertained,  consisting  very 
largely  of  carbon  and  hydrogen,  both  of  which  are  combus- 
tible. The  adding  of  the  shale  oil  to  the  turf  not  only 
increases  by  so  much  the  combustible  material  in  a  given 
bulk,  but  improves  the  quality  of  the  fuel,  By  this  means 
«ome  of  the  poor  peats  may  be  made  serviceablci  at  a* 
cheaper  rate,  perhaps,  than  by  the  process  of  manufacture. 
The  following  facts  in  reference  to  the  cost  of  this  shale  oil 
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delivered  at  WorthiDgton,  in  Nobles  county,  are  on  the 
auhority  of  Dr.  Williams.  The  residuum  can  be  had  for 
removing  it  from  the  vats : 

Cost  of  barrel  containing  48  to  45  gallons fl  50 

Cost  of  filling  and'drayage  to  cars,  per  barrel M> 

Charges  Pittsburgh,  Fort  Wayne  &  Chicago  B.  R.  to  Chicago 1  00 

Charges  West  WlscoDBin  R.  R.  to  St.  Paul 1  00 

Charges  St.  Paul  <&  Sioux  City  R.  R,  to  Worthington 1  00 

Add  for  profits  to  dealer ..•• 100 

Cost  at  Worthington  per  barrel f6  OO 

(k)    Practical  Conclusions  an  PeaU 

1.  There  is  not  so  much  real  peat  in  the  State  of  Minne- 
sota as  has  been  supposed.  There  is  a  great  abundance  of 
turf,  made  up  of  grass  roots,  containing  a  large  per  cent,  of 
ash,  not  properly  called  peat,  that  will  furnish,  in  any  exi- 
gency, a  fuel  that  will  keep  a  family  from  suffering.  This, 
however,  it  is  not  thought  the  object  of  the  survey  to  inves- 
tigate, nor  to  locate,  as  it  exists,  as  is  often  stated  in  the 
public  press,  on  almost  every  square  mile. 

2.  While  a  good  fuel,  almost  equal  to  the  Iowa  coal,  can 
be  produced  by  the  manufacture  of  peat  by  a  process  of  con- 
densation and  evaporation,  it  is  far  from  certain  that  it  will 
not  cost  as  much,  or  more  than  wood  or  coal  at  the  present 
prices. 

3.  If  in  any  part  of  the  northwest  peat  can  be  made  use- 
ful as  a  fuel  by  manufacture,  it  is  thp  woodless  and  coallesa 
region  of  southern  and  western  Minnesota. 

4.  Cautious  experimentation  should  be  carried  on  by 
those  interested  in  the  subject,  with  the  view  to  test  the 
comparative  cost  ot  peat,  wood  and  coal,  at  the  prices 
current  in  different  localities. 

5.  The  farmers,  and  others  who  need  fuel,  but  do  not 
have  means  to  produce  a  condensed  peat,  can  take  out  in 
mid-summer  a  winter's  supply,  from  the  turf  peat  found  on 
many  farms  m  the  prairie  region,  but  they  will  generally 
not  find  it  possible  to  utilize  the  real  peat  deposits  without 
some  method  of  manufacture.  They  will  be  too  apt  to 
crumble,  and  thus  make  a  slow,  smoldering  fire. 

6.  There  is  no  known  instance  of  the  existence  of  peat, 
in  Minnesota  along  river  valleys,  on  the  bottom  landfl, 
where  the  surface  is  subject,  at  the  present  time,  to  inunda- 
tion by  spring  freshets. 

7.  There  are  old  river  channels,  or  valleys  of  excavation^ 
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both  in  the  drift  and  between  rocky  bluffs,  that  no  longer 
exist  as  rivers,  which  contain  considerable  deposits  of  peat. 

8.  There  are  depressions  in  the  rolling  drift  surface,  in 
some  localities,  which,  fed  by  invisible  springs,  maintain  a 
nearly  uniform  stage  of  water  throughout  the  year,  and 
may  hold  peat  of  the  best  quality. 

9.  But  a  small  portion  of  the  State  has  been  examined. 
In  that  a  much  smaller  amount  of  peat  was  found  than  had 
been  anticipated.  Other  portions,  and  especially  the  cen- 
tral southern  counties,  are  believed  to  promise  more  peat 
than  the  counties  examined.  According  to  Dr.  C.  A.  White, 
State  Geologist  of  Iowa,  a  peat  bearing  belt  enters  Minne- 
8ota  trom  the  south,  bounded,  in  general,  by  the  Des  Moines 
on  the  west,  and  the  Cedar  on  the  east. 

10.  Large  quantities  of  peat  are  believed  to  exist  in  the 
northern  part  of  the  State,  many  of  the  cranberry  marshes 
being  peat  bogs  of  great  purity. 

11.  The  value  of  peat  as  a  common  fuel  having  been 
dempnstrated,  and  its  existence  in  sufficient  quantities  within 
the  State  having  been  ascertained,  it  becomes  a  legitimate 
expedient  for  the  State  to  stimulate  the  invention  ot  success- 
ful methods  of  utilizing  it  by  oftering  rewards. 


III. 

THE  GEOLOGY  OF  THE  MINNESOTA 

VALLEY. 


(a)      PRELIMINARY   CONSIDERATIONS. 

In  the  fall  and  winter  of  1766  Jonathan  Carver  explored 
the  valley  of  the  Minnesota,  but,  aside  from  the  mention  of 
the  rapids  near  Shakopee,  he  has  given  no  information  of 
the  geology  oi  the  valley,  although  he  claims  to  have  ascend- 
ed it  a  distance  of  two  hundred  miles  above  Mendota. 

The  expedition  of  Maj.  S.  H.  Long  wiis  undertaken  in 
1823,  by  order  of  John  C.  Calhoun,  Secretary  of  War. 
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The  able  historiographer  to  the  expedition  was  Wm.  H. 
Keating,  who  also  served  as  geologist.  He  was  appointed 
from  the  University  of  Pennsylvania,  where  he  occupied  the 
chair  of  Mineralogy  and  Chemistry.  This  party  ascended 
in  canoes  a  distance  of  130  miles,  when  they  abandoned 
them  for  the  land,  followino:  the  valley  to  Big  Stone  Lake, 
thence  descending  the  Red  River  valley  to  Lake  Winnipeg. 
The  observations  of  Prof.  Keating  on  the  geology  of  the 
Minnesota  valley,  are  the  earliest,  with  the  exception  of  the 
doubtful  accounts  of  Le  Sueur,  of  the  copper  mines  on  the 
Blue  Earth,  that  we  have  any  knowledge  ot,  although  an 
old  map  accompanying  the  Recueill  de  Voyages^  published 
in  Amsterdam  in  1720,  shows  a  **  coal  mine"  located  soma 
distance  np  the  Minnesota.  They  were  made  with  that 
haste  which  a  traveling  geologist  always  finds  unavoidable 
when  he  is  acting  simply  as  an  accompaniment  to  an  expe- 
dition, instead  of  its  guide  and  commander.  No  time  could 
be  spared  to  indulge  the  geologist  in  making  such  detailed 
observations  as  would  enable  him  to  state  emphatically  the 
bearings  of  isolated  facts,  which  he  picked  up,  on  each 
other,  or  to  geneiUlize  with  any  certainty.  He  could  simply 
act  as  a  gatherer  ot  facts.  His  success  lay  in  the  exactness 
and  fullness  ol  his  observations.  Prof.  Keating's  geological 
observations  may  be  summarized  in  the  following  descending 
aection : 

1.  The  bluff  at  Fort  Snelling,  made  ap  of  (a)  slaty  or  spUntery  Umo- 
6tone,  8  feet;  (b)  blue  limestone,  oseAil  for  baUding,  15-20  feet; 
(c^  sandstone,  60  feet;  (d)  earthy  argillaceoas  limestone,  10  feet; 
(d)  crystalllDe  and  conglomeritlc  limestone,  4  feet;  (e)  a  lime- 
stone of  finer  grain  and  more  earthy  textare  than  the  last,  in  which 
the  river  is  excavated  at  the  Fort.  Keating  is  the  only  geologist 
that  has  ever  reported  limestone  intUu  below  the  sandstone  (c)  at 
Fort  Snelling.  Six  miles  below  the  small  Indian  village  Wesikm- 
ote,  he  notes  the  occurrence  of  the  Little  Rapids,  caused  by  a 
sandstone  in  horizontal  stratification  "  in  every  respect  similar  to 
that  found  at  Fort  St.  Anthony."  The  same  sandstone  is  again 
mentioned  as  occurring  near  Kasota,  having  horizontal  ledges  of 
rock  overlying  it,  supposed  to  be  the  same  as  se^n  at  Fort  Sneillng. 
The  banks  of  the  Redwood  river,  near  its  mouth,  are  skid  to  be 
made  np  of  "  a  fine  white  sandstone.** 

8.  **  Primitive  rock"  was  first  seen  in  ntu,  several  miles  above  Patter- 
son's Rapids,  which  are  a  few  miles  above  the  mouth  of  the  Red- 
wood river,  and  was  examined  very  carefeUy  and  described  In  do- 
taU.  He  remarks  In  general :  '*  It  8«emed  as  If  four  simple  mine- 
rals, quarts,  feldspar,  mica  and  amphibole,  had  united  here  to  pro- 
duce almost  a!l  the  varieties  of  combination  which  can  arise  from 
Uie  association  of  two  or  more  of  these  minerals."  Owing  to  Its 
confesed  and  various  composition,  he  compares  it  to  that  seen  at  a 
subsequent  period  of  the  expedition,  between  Lake  Winnipeg  and 
the  Lake  of  the  Woods.  He  regards  all  tliat  section  of  conntry, 
between  Patterson's  Rapids  and  the  Upper  Mississippi,  and  thence 
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to  Fort  Alexander,  at  the  month  of  Winnipeg  river,  as  nnderlain 
by  granite  and  sienitic  granite.  These  rocks  are  again  mentioned 
at  a  point  five  leagues  aboye  Lac  qui  Parle,  at  the  month  of  Spirit 
Monntain  Creek.  • 

In  the  fall  of  ISSS,  G.  W.  Featherstonhaugh's  ascent  of 
the  Minnesota  occurred.  His  geological  observations  were 
very  meagre.  He  took  the  pains  to  ascend  the  Blue  Earth 
a  short  distance  in  search  of  the  copper  mine  of  Lie  Sueur. 
Keating  did  not  visit  it,  passing  it  with  the  simple  remark 
that  he  believed  the  substance  obtained  by  Le  Sueur  to  be 
a  phosphate  of  iron,  judging  simply  by  its  color.  Mr. 
Featherstonhaugh  says :  <  *  The  Mahkatoh  appears  to  form 
about  halt  the  volume  of  the  St.  Peter's,  and  is  a  ver  yrapid 
stream.  The  Sissitons  we  had  met,  told  us  it  forked  eleven 
times,  and  that  the  branches  abounded  in  rapids  and  shal- 
low places.  About  twelve,  we  came  to  a  fork  or  branch 
coming  in  on  our  right,  about  forty-five  yards  broad,  and 
we  turned  into  it,  having  a  well  wooded  bluff  on  the  right 
bank  about  ninety  feet  high.  The*  stream  had  very  little 
current,  owing  to  the  main  branch,  which  we  had  just  left, 
rushing  down  with  great  velocity  and  making  back-water 
here.  We  had  not  proceeded  three-quarters  of  a  mite  when 
we  reached  the  place  which  the  Sissitons  had  described  to 
us  as  being  that  to  which  the  Indians  resorted  for  their  pig- 
ment. This  was  a  bluff  about  150  feet  high  on  the  left 
bank,  and  from  the  slope  being  very  much  trodden  and  worn 
away,  I  saw  at  once  that  it  was  a  locality  which  for  some 
purpose  or  other  had  been  frequented  from  a  very  remote 
period.  We  accordingly  stopped  there,  and  I  told  the  men 
to  make  a  fire  and  warm  themselves,  whilst  I  examined  the 
place. 

**As  soon  as  I  had  reached  that  part  of  the  bluff  whence 
the  pigment  had  been  taken,  Le  Sueur's  story  lost  all  credit 
with  me,  for  I  instantly  saw  that  it  was  nothiog  but  a  con- 
tinuation  of  the  seam  which  divided  the  limestone  from  the 
sandstone,  and  which  I  have  before  spoken  of  at  the  Myah 
Skah,*  as  containing  a  silicate  of  iron  of  bluish-green  color. 
The  concurrent  account  of  all  the  Indians  we  bad  spoken 
with,  that  this  was  the  place  the  aborigines  had  always  re- 
sorted to  to  procure  their  pigment,  and  the  total  silence  of 
everybody  since  Le  SueuPs  visit,  respecting  any  deposit 
of  copper  ore  in  this  or  any  other  part  of  the  country,  con- 
vinced me  that  the  story  of  his  copper  mines  was  a  fabulous 

•Myah  Skah  It "  White  Bock  Bluff,"  lappoied  to  be  the  hlnff  at  OtUwa,  in  Le  Saenr 
eonii^. 
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one,  most  probably  inteDded  to  raise  himself  in  importance 
with  the  French  government  of  that  day,  Charlevoix  hay- 
ing stated  that  the  mine  was  only  a  league  and  three-quar- 
ters from  the  mouth  of  the  Terre  Bleu,  made  it  certain  that 
I  was  now  at  that  locality,  and  the  seam  of  colored  earth 
gave  the  key  to  the  rest.  Le  Sueur's  account  of  the  mine 
being  at  the  foot  of  a  mountain  ten  leagues  long,  was  as  idle 
as  the  assertion  that  he  had  obtamed  30,000  pounds  of  cop- 
per ore  in  twenty  two  days,  for  there  is  nothing  likes 
mountain  in  the  neighborhood.  The  bluff,  to  be  sure,  rises 
to  the  height  of  about  150  feet  from  the  river ;  but  when 
you  have  ascended  it  you  find  yourself  at  the  top  of  a  level 
prairie,  so  that  what  might  to  an  inexperienced  traveler 
appear  to  be  a  mountainous  height,  is  nothihg  but  the  sum- 
mit of  the  gorge  which  the  river  has  cut  out."  [^Ganoe 
Voyage  up  the  Minnay  8otor^  Vol.  1,^.  303.] 

With  the  exception  of  an  occasional  mention  ot  granite 
in  place,  and  a  very  brief  notice  of  the  red  quartzite  near  the 
mouth  of  the  Waraju  river,  the  foregoing  is  the  only  geo- 
logical note  of  importance  recorded  by  Mr.  Peatherston- 
haugh  on  the  valley  of  the  Minnesota. 

In  the  survey  of  Wisconsin,  Iowa  and  Minnesota  by  Dr. 
D.  D.  Owen,  the  examination  of  this  river  was  committed  to 
Dr.  B.  F.  Shumard.  Dr.  Shumard  and  his  party  ascended 
the  valley  ia  canoes  as  far  as  the  Redwood  river,  where  he 
was  attached  with  pleurisy,  and  was  compelled  to  abandon  the 
further  prosecution  ot  the  survey.  This  was  in  June,  1848. 
His  report  exhibits  the  first  attempt  ever  made  to  parallel- 
ize the  rocks  of  the  valley  with  those  of  ihe  rest  of  the  state, 
and  determine  their  geological  age,  and  their  equivalents  in 
other  states,  by  reference  to  a  standard  of  comparison. 
That  standard  was  a  nomenclature  adopted  by  the  chief  of 
the  survey,  based  on  the  New  York  survey,  as  follows,  with 
its  equivalents : 

No.  1.  Formation  3,  C.  Coralline  and  Pentamerns  beds  of  the  Upper 
Magneslan  Limestone.    (The  Niagara  Oronp  of  New  York.) 

No.  2.  Formation  3,  B,  Lead  bearing  beds  of  the  upper  Magneslan  Lime* 
stone.    (The  Utica  Slate  and  Hudson  River  Group.) 

No.  8.  Formation  8,  A.  Shell-bed.  (The  Trenton  and  Black  River  Lime- 
stone, of  New  York.) 

No.  4.  Formation  2,  C.  Upper,  white  saccharold  sandstone,  or  St.  Peter 
sandstone.    • 

No.  6.  Formation  2,  A.  and  B,  Low.  Magneslan  Limestone.  (The  Cal- 
clferous  sandrock  of  New  York.) 

No.  6.  Formation  1.  Lower,  light-colored  qaartzose  sandstone.  (The 
Potsdam  sandstone  of  New  York.) 

No.  7.  Bed,  Argillaceous  and  Ferruginous  sandstones.  (Supposed  to  be 
a  downward  extension  of  the  Potsdam  sandstone.) 


UNTYSBSITY  OF  MINNESOTA.  131 

Of  these  Dr.  Shumard  recognized  Nos.  3  and  4  at  the 
mouth  of  the  river,  in  the  Fort  Snelling  bluff.  At  Shako- 
pee,  and  thence  to  the  Little  Rapids',  he  notes  No.  5.  The 
sandstone  at  the  last  place  he  regards  as  belonging  to  a  form- 
ation several  hundred  feet  below  the  white  sandstone  of  No. 
4,  probably  to  No.  6.  At  «*  White  Rock  Bluff,"  situated 
on  the  right  bank  of  the  river,  about  six  miles  below  Traverse 
des  Sioux,  he  regards  the  exposed  section  to  consist  of  No. 
6,  capped  with  No.  5,  about  fifty  feet  of  the  former  and 
fifteen  of  the  latter.  The  same  formations  are  exposed,  at 
intervals,  to  the  mouth  of  the  Blue  Earth  river,  where  the 
section  is  said  to  be  similar  to  that  of  White  Rock  Bluff. 
Ascending  the  Blue  Earth  river  six  or  eight  miles  and  ob- 
serving the  same  geological  horizon  as  far  as  he  went,  he 
notes,  subsequently,  two  or  three  exposures  of  No.  6  before 
reaching  the  mouth  of  the  Waraju  river,  one  being  two  miles 
below  the  mouth  of  that  stream.  The  red  quartzite  at  the 
mouth  of  the  Waraju  he  regards  as  the  lower  beds  of  No.  6, 
more  or  less  altered  by  metamorphism  where  they  abut  upon 
the  igneous  rocks.  He  also  notes  conglomerate  and  granite 
outcrops  about  a  mile  in  a  straight  line  above  the  mouth  of 
the  Waraju.  He  mentions  granite  at  La  Petite  Roche,  twen- 
ty-five miles  above  the  mouth  of  the  Waraju,  and  at  frequent 
other  points  before  reaching  the  Redwood.  He  describes 
an  interesting  exposure  two  or  three  miles  below  the  mouth 
of  this  river. 

There  will  be  further  occasion  to  refer  to  Dr.  Shumard's 
report,  since,  although  in  the  main  corroborated  by  the  ob- 
servations of  the  past  season,  additional  facts  have  been 
gathered  which  necessitate  some  change  in  his  parallelisms. 

(b)      THE  TRENTON  LIMESTONE  AND  SHALES. 

After  leaving  the  immediate  vicinity  of  the  mouth  of  the 
river,  this  formation  is  not  seen  again  throughout  its  course, 
consequently  no  new  facts  can  be  given  respecting  its  char-' 
acters  or  extent,  except  those  noted  in  Dakota  county. 

The  quarrv  of  Daniel  F.  Aiken  is  a  mile  and  a  half  north- 
west of  Farmington,*on  Sec.  24,  T.  114,  R.  20.  The  beds 
show  a  considerable  disturbance,  and  a  portion  of  the  usual 
building-stone,  belonging  to  No.  4  of  the  section  below,  ap- 
pears to  be  wanting  from  that  cause.  Yet  Mr.  Aiken  is  pos- 
itive that  no  greater  thickness  of  No.  4  exists  there  than  that 
Been. 
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Section  at  Daniel  F.  Aihen^s  Quarry^  near  Farmingtonf 

.  Dakota  Co. 

No.  1 .  Shattered,  loose  beds  of  limestone 6  feet. 

No.2.  Shale «    " 

No.  8.  Stone,  which  crumbles  to  shale • 2    " 

JJo.  4.  The  Minneapolis  qnarry  stone 4    " 

Total 17  feet. 

Id  traveliDg  south  on  the  Sioux  City  Railroad,  from  Fort 
SnelliDg,  the  form  of  the  brow  of  the  bluffs  of  the  Minnesota 
▼alley,  appear  to  lose  the  Trenton  on  the  east  side  of  the 
river  several  miles  sooner  than  on  the  west  side.  On  the 
east  side  the  limestone  extends  about  three  and  a  half  or 
four  miles  above  the  fort.  On  the  west  side  it  seems  to  con- 
tinue in  the  bluffs,  though  hid  from  sight,  for  a  distance  of 
Bix  or  eight  miles. 

(C)      THE  ST.   PETES  SANDSTONE. 

This,  like  the  Trenton  overlying,  also  disappears  from 
▼iew  soon  after  leaving  Fort  Snelling.  Owing  to  its  de- 
structible nature,  it  is  very  rarely  seen  except  when  pro- 
tected by  the  Trenton.  Yet  at  one  other  point  has  it  been 
discovered  in  the  Minnesota  valley.  A  very  interesting  ob- 
servation was  made  at  the  Asylum  quarry,  at  St.  Peter,  in 
Nicollet  county.  The  stone  there  wrought  is  the  first  below 
the  St.  Peter  Sandstone,  the  Shakopee  limestone,  the  upper- 
most member  of  the  Lower  Magnesian.  In  the  top  of  the 
quarry,  where  the  workmen  had  stripped  off  the  loose  drift 
materials,  about  two  feet  of  a  white,  triable  sandstone  were 
seen,  with  a  thin  strip  of  green  shale  about  midway  io  it. 
This  lay,  in  place,  over  the  limestone,  and  afforded  the  only 
recorded  observation  ever  made  on  the  very  base  of  the  St. 
Peter  Sandstone.  It  seems  to  maintain  its  strictly  arenace- 
ous character,  or  very  nearly  so,  to  its  very  contact  with  the 
limestone.  This  observation  confirmed  the  belief,  derived 
from  the  examination  of  the  valley  to  that  point,  that  the 
St.  Peter  and  the  Kasota  quarries  were  in  the  same  horizon 
as  the  Shakopee  quarries,  and  that  they  all  occur  within  the 
first  thirty  feet  below  the  St.  Peter  Sandstone. 

A  friable,  white  sandstone,  believed  to  be  the  St.  Peter, 
was  again  observed,  about  two  miles  above  the  mouth  of  the 
llaple  river,  in  the  banks  of  which  it  affords  a  number  of 
expoeures.    Those  examined  were  in  the  northeastern  part 
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of  Bapidan  township,  in  Blue  Earth  county,  (T.  107,  B.  27^ 
Sees.  11,12  and  13) .  It  is  here  underlain  by  about  two  feet  of 
a  greenish- blue  clay,  and  is  associated  with  concretionary 
and  irregular  sheets  of  brown  haematite.  In  the  banks  of 
the  Maple,  where  the  Shakopee  limestone  is  exposed  and 
somewhat  quarried,  there  are  occasional  missing  places  in 
the  beds  of  that  formation.  If  by  the  action  of  the  river  the 
section  is  kept  clear,  so  as  to  remove  the  drift,  this  bed  of 
clay  can  be  seen  lying  with  distorted  and  dishing  strata  in 
these  intervals.  The  strata  are  sometimes  not  preserved, 
but  the  masses  appear  as  if  thrust  into  the  excavation  in  the 
Shakopee  limestone,  and  are  very  sandy.  In  other  case^ 
the  clay  seems  to  have  been  shaped  in  layers  conformable  to 
the  surface  of  the  Lower  Magnesian,  but  unconformable  with 
its  bedding.  At  one  place  the  following  section  can  be 
made  out : 

Section  in  Bapidan^  Blue  Earth  Co. 

No.  1.    Allayium 15  feet^ 

No.  2.    Irony  crag  and  impure  iron  ore 2    " 

No.  8..  Greenish  bedded  clay 2    ** 

No.  4.    Strata  of  Shakopee  limestone,  more  or  less  stained  and 

encrusted  with  iron 4    ** 


^ 


Total S  feet*^ 

These  parts  are  arranged,  relatively  to  each  other,  accord^ 
ing  to  the  annexed  diagram : 


ABufiian   ^Slt 


The  white  sand  which  here  is  supposed  to  belong  to  the 
St.  Peter,  but  which  may  belong  to  th^  Cretaceous,  is  in 
some  way  associated  with  this  iron  ore.  It  seems  to  lie  in 
patches,  sometimes  just  below  the  iron,  and  in  other  place» 
where  the  iron  is  wanting.  It  seems  to  lie  above  the  clay 
or  shale  (No.  3  of  the  section),  its  position  being  the  same 
as  that  seen  at  St.  Peter. 

At  other  places,  a  little  above  the  point  of  the  foregoing 
section,  the  iron  and  sand  are  found  irregularly  mingled. 
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the  iron  occurring  in  the  form  of  concretionary  sheets,  at 
least  in  sheets  that  enclose  cavities.  As  much  as  four  feet 
of  this  sand  can  here  be  made  out,  bat  the  clay  layer  can- 
not be  seen. 

At  a  point  a  few  rods  further  up,  this  white  sand  can  be 
seen  in  a  bluff  on  the  left  bank  ot  the  river  (probably  on  sec. 
13,)  rising  40  or  50  feet,  its  exact  upward  limit  being  hid 
by  the  drift.  At  the  bottom  of  this  bluff  the  Shakopee 
limestone  is  exposed  in  the  form  of  a  rounded,  water-worn 
buttress,  rising  in  a  solid  mass  about  twelve  feet  above  the 
river.  About  this  bare  rock,  which  exposes  not  more  than 
&•  square  rod  surface,  or  200  square  feet,  are  fallen  pieces  of 
the  iron  ore  mentioned.  The  rock  itself  seems  coated  with 
thin  layers  of  irony  stone,  which  yet  appear  calcareous. 
Jio  clay  or  shale,  the  equivalent  of  No.  3,  of  the  last  section, 
can  be  seen.  Overlying  this  iron  and  mingled  with  it,  is  a 
deposit  of  white  sand,  rising,  as  already  stated,  about  fifty 
feet.  This  sand  is  so  incoherent  that  one  cannot  ascend  it. 
It  slides  like  drift  sand,  yet  is  perfectly  homogeneous  as  sand, 
without  any  resemblance  to  any  drift  sand.  It  is  purely 
white.  It  is  mainly  massive ;  yet  irregular  lines  of  sedi- 
mentation can  be  seen  In  it.  Also  variously  arranged  in  it  are 
little,  thin  deposits  of  shale  which  probably  were  green  till 
faded  and  oxydized.  These  are  sometimes  an  inch  thick, 
but  usually  not  more  than  one-fourth  of  an  inch.  They  are 
in  detached,  lenticular  patches,  and  not  now  plastic,  but 
soapy.  No  fossils  can  be  seen.  It  seems  to  lie  uncanform^ 
ably  on  the  Lower  JUoffnesianf  separated  only  by  a  thin  bed 
of  greenish-blue  shale.  (Compare  Cfeologioal  Survey  of 
Missouri,  1865^71,  p.  142.) 

At  a  point  a  little  further  along,  this  sand  is  more  persist- 
ent, and  shows  horizontal  bedding,  by  reason  of  the  man- 
ner of  its  falling  down  from  the  bluff.     Beds  3-8  inches. 

In  the  banks  of  the  Watonwan,  at  Garden  City,  in  Blue 
Earth  county,  are  further  exposures  of  the  St.  Peter,  at 
least  of  the  sandstone  already  mentioned  in  Rapidan  on  the 
Le  Sueur.  It  is  here  associated  with  more  or  less  clay, 
crag,  and  iron  and  lime  cement.  A  heavy  deposit  of  drift 
crag  may  be  seen  on  E.  T.  Norton's  place,  and  also  on  Elder 
A.  Case's  land,  on  the  right  bank,  opposite  Mr.  Norton's. 
Under  the  crag  is  clean  white  sand.  A  little  further  up  in  the 
bluff  is  red  and  blue  clay,  belonging,' undoubtedly ,  to  the 
Cretaceous.  This  crag  is  sometimes  made  up  of  this  white 
sand  cemented,  with  little  gravel,  and  seems  then  to  be  derived 
mainly  from  the  St.  Peter,  more  or  less  disturbed  by  drift 
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forces.  It  lies  on  Mr.  Case's  land,  in  a  continuous  layer 
Along  the  bluff,  and  projects  like  a  bed  of  rock^  the  inco- 
berency  of  the  underlying  white  sand  causing  it  to  ciumble 
out.  This  is  also  shown  on  the  north  side  of  Mr.  Case's 
land,  along  the  bluff  where  the  current  of  the  riyer  has  kept 
the  surface  fresh.  This  sandstone  is  again  exposed  in  the  ' 
banks  of  the  river  about  two  miles  above  Garden  City. 

Further  examination  of  the  St.  Peter  was  made  in  Dakota 
county.  An  outlier  of  the  St.  Peter,  situated  in  Sec.  11, 
T.  144,  N.  19  W.,  is  known  as  Lone  JRock^  owing  to  its 
rising  in  the  midst  of  a  prairie  and  forming  a  very  conspic- 
uous object  for  a  great  many  miles  in  all  directions.  From 
its  summit,  which  is  about  a  hundred  feet  higher  than  the 
surrounding  prairie,  can  be  seen  toward  the  east,  the  crests 
of  several  other  outliers  of  the  same  stone  within  a  mile  or 
two,  one  of  which  is  known  as  Chimney  rock,  while  still 
iuither  east  the  eye  looks  upon  the  bluffs  of  the  opposite  side 
of  the  Mississippi.  Toward  the  south  the  valley  of  the  Ver- 
million spreads  out  in  a  broad  basin.  Farmington  village 
is  situated  to  the  southwest,  and  the  spacious  grain  elevator 
of  the  station  of  Bosemount  is  a  conspicuous  object  toward 
the  northwest.  The  country  immediately  surrounding  is  a 
treeless  prairie,  for  the  most  part  a  level.  In  the  midst  of 
this  flat  these  knobs  of  the  St.  Peter  rise,  forming  knolls  on 
which,  when  sufSciently  turfed,  two  or  three  species  of  oak, 
and  a  variety  of  shrubs,  maintain  a  stunted  growth.  In  the 
rocky  knoll  named  Lone  Bock  there  is  a  marked  dip  of  %he 


strata,  5  to  10  degrees,  near  the  nortb 
end,  toward  the  south  ;  besides  irreg- 
ularities of  sedimentation  that  great- 
ly resemble  dip.  The  rock  rises  in 
the  form  of  an  interrupted  ridge,run- 
ning  north  and  south,  and  extends 
about  twenty-five  rods.  The  height 
from  the  surface  of  water  standing 
in  a  little  excavation  on  the  uortherD 
flank  of  the  bluff,  to  the  base  of  the 
bare  rock  is  12  feet  4  laches,  meas- 
ured by  Mr.  Furber,  by  Locke's  lev- 
el ;  from  the  lowest  rock  seen  to  the 
top  of  the  rock  ts  40  feet  11  inches, 
by  the  same.  There  are  indioatioiw 
on  the  top  of  the  rock  that  the  form- 
atioa  did  not  extend  much  higher; 
The  grains  are  coarser,  and  the  Ira- 
ing  cement  is  more  abundant.  The 
weather  has  also  caused  it  near  the 
top  to  show  thin  beds  of  one  half  to 
one  and  a  half  inches.  The  rock  is 
about  20  feet  wide  at  the  northern 
end,  but  tapers  to  two  or  three  feet ; 
then  swells  out  in  a  sort  of  zigzag 
ridge,  and  after  one  or  two  interrup- 
tions, disappears  under  turf  on  which 
grow  shrubby  oaks.  The  southern 
extremity  is  rocky  again  like  the 
northern.  The  dip  mentioned  only 
shows  at  the  northern  extremity  of 
the  ridge.  In  the  valleys  about,  the 
drift  prevails,  and  boulders  may  be 
seen.  The  adjoining  diagram  shows 
the  form  and  winding  contour  of  the 
ridge. 

Another  of  these  outliers  is  knowo 
as  Castle  Rock.  It  is  situated  in  Sec. 
32,  T.  113  N.,  E.  19  W.,  Dakota 
county.  The  lollowing  diagrams 
show  the  elevation  and  aspect  of  this 
rock  from  the  west,  south  and  south 
east:* 


Bock,  drawn  bj 
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View  of  Caalle  Rock  from  the  West. 
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II 

View  ij  tcnh  Mukjrom  the  South. 
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View  of  Castle  Rock  from  the  Southeast. 


There  is  another  exposure  of  the  St.  Peter  on  Sec.  22,  T. 
114  N.,  R.  19  W.,  about  a  mile  and  a  half  west  of  Empire 
City,  in  Dakota  county,  within  the  river  bluffs  of  the  Ver- 
milion, and  on  the  north  side  of  the  immense  slough  that 
lies  on  that  side  of  the  river.  It  is  somewhat  quarried  for 
foundation  stone.  The  beds  exposed  are  under  about  two 
feet  of  drift,  and  about  twelve  feet  above  the  level  of  the 
slough.  They  lie  horizontal.  This  indicates  that  the  whole 
valley  of  the  Vermilion,  at  that  point,  where  it  is  said  to 
have  its  greatest  width,  is  wrought  in  that  sandstone, 

(d)      THE   8HAKOPEB  LIMESTONE. 

This  limestone  belongs  to  the  great  Lower  Magnesian 
Formation,  and  is  the  uppermost  member  of  it.  In  ascend- 
ing the  Minnesota  valley  its  first  outcrop  is  seen  at  Shako- 
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pee,  in  Scott  county,  where  it  is  wrought  for  quicklime. 
It  18  again  exposed  at  Louisville,  in  the  same  county,  five 
miles  above  Shakopee.  A  short  distance  above  Louisville 
it  recedes  from  the  river,  and  the  underlying  sandstone,  seen 
at  Jordan,  comes  to  the  surface  with  a  gentle  dip  to  the  N. 
or  N.E.,  forming  the  ''  Little  Rapids"  in  the  river,  and  af- 
fording a  useful  building-stone  at  the  quarries  at  Jordan. 
In  turn  this  sandstone,  by  the  same  dip,  is  driven  back  from 
the  immediate  valley,  and  a  lower  limestone  is  seen,  as  at 
St.  Lawrence,  having  different  physical  characters,  yet  be- 
longing to  the  great  Lower  Magnesian. 

At  Ottawa  and  Kasota,  as  also  at  St.  Peter,  the  Shakopee 
limestone  has  returned.     It  thence  continues  in  the  valley 
of  the  Minnesota,  sharing   its  banks  with  the   underlying 
■Jordan  sandstone,  to  Mankato,  where  a  fine  exposure  of  the 
beds  of  both  may  be  seen.     As  the  river  there  changes  its 
direction  it  soon  passes  a\iiay  from  the  area  of  the  Shakopee 
limestone,  although  there  are   several  fine  outcrops  on  the 
Blue  Earth,  and   on  its  tributaries  the  LeSueur,  the  Cobb  . 
and  the  Maple,  as  far  south  as  the  township  of  Bapidan.     It 
is  also  exposed  on  the  Watpnwan,  at  Garden   City,  and 
gives  rise,  as  at  other  places  in  the  sama  township,  to  valu-. 
able  mill  sites. 

This,  in  general,  is  the  course  of  the  Shakopee  limestone. 
It  has  formerly  l)een  supposed  to  represent  the  whole  of  the 
Lfower  Magnesian,  or  For.  2  of  Dr.  Owen.  Its  thickness  is 
about  70  feet.  The  underlying  sandstone  is  about  50  feet 
thick.  The  thickness  of  the  next  member  of  the  Lower 
Magnesian  has  not  yet  been  made  out.  It  is  visible  at  St. 
Lawrence,  in  Scott  county,  and  at  Judson,  in  Blue  Earth 
I  county.     This,  it  will  l>e   observed,  is  not  in  keeping  with 

pi:*  the  age  given  the  Jordan  sandstone  by  Dr.  B.  F.  Shumard. 

er-  He  referred  the  sandstone  at  Little  Rapids,  and  that  under- 

tb^  lying  the  limestone  at  Mankato,  to  For.  1,   of  Dr.    Owen's 

for  aeries,  which  he  made  the  equivalent  of  the  Potsdam,  of  New* 

ttr.  York.    The  Lower  Magnesian,  however,  in  the  bluffs  of  the 

tb:  Mississippi,  at  Winona,  and  at  other  points,  is  over   iwo 

^jlc  hundred  feet  thick.     In  approaching  St.  Paul  its  thickness 

[  t:  grows  no  less.     It  would  be  a  singular  phenomenon,  to  say 

the  least,  if  at  Shakopee,  less  than  forty  miles  from  Hastings 
where  it  has  its  full  development,  it  should  have  become  re- 
duced to  less  than  i9eventy-five  feet.  The  existence  of  a 
heavy,  calcareous  formation  below  th^  Jordan  sandstone, 
^li:  demonstrated  by  the  observations  of  the  past  season,  as  de- 

g0j«  tailed  in  the  following  pages ,   proves  beyond  all  question 
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that  the  Jordao  sandstone  has  been  erroneoosly  referred  to* 
the  Poledam  age.     The  Shakopee  limestone  also  maintains 
a  distinct  horizon  in  passing  to  the  east.     It  was  seen,  in  tiie- 
season  of  ISTS,  at  Qaincy,  in  Olmsted  county,  and  was  men- 
tioned in  the  report  of  progress  for  that  year  (page  82). 

This  assignment  of  the  Jordan  sandstone  to  the  great 
Lo^er  Magnesian  formation  is,  on  the  other  hand,  in  har- 
mony with  the  reports  of  the  Missoori  geologists  who  de- 
scribe that  formation  as  made  np  of  a  series  of  alternating, 
yet  constant,  calcareous  and  arenaceous  members.  To  what 
extent  the  lower  part  of  the  Lower  Magnesian  may  be  thus 
subdirideU,  and  whether  it  corresponds  to  any  extent  with 
the  Missouri  subdivisions,  it  is  not  now  possible  to  say. 

Section  at  tihahopeej  in  SeoU  County. 

Ho.  1.  Cftn  hardly  be  separated  from  the  rest,  bat  seems  more 
shattered  and  thinner  bedded.  It  also  contains  some 
chert.  It  is  crystalline  and  poroos,  with  no  regularity 
ofbedding 6-8feet 

No.  2.  An  Irregnlar  layer  of  sandstone^  or  of  very  sandy  lime- 
stone, used  for  bolldlng  stone,  making  some  good  fltces ; 
beds  about  8  inches • Sftat 

No.  8.  Bather  heavier  beds  of  hard  grey  limestone,  of  a  magne- 
sian texture  and  feel.  These  beds  are  sometimes  crack- 
ed and  checked  in  all  directions,  and  pass  into  fine- 
grained patches,  and  then  thicken  again.  These  thin 
beds  are  not  InAreqaently  wavy  or  contorted  within  the 
mass.  Purgatories  are  also  common  In  the  ttce  of  the 
bluff  through  all  the  parts 10-ISIU 

Section  at  Loui&ville^  Scott  County. 

The  quarry  of  Mr.  G.  Baptiste  Contre  shows  a  much  dis* 
turbid  and  shattered  condition  of  the  layers,  with  frequent 
green  stains  as  if  of  carbonate  of  copper.  No  constant  gen- 
eral section  ot  the  bedding  can  be  given,  but  the  lower  eight 
or  ten  feet  are  of  a  reddish  color  and  in  heavier  beds.  This- 
quarry  shows  very  evidently  the  effect  of  volcanic  upheaval 
or  disturbance.  In  general  it  bears  a  close  resemblance  to 
the  stone  seen  at  Shakopee.  Twenty  feet,  more  or  less,  can 
be  seen.  The  quarry  is  in  a  bluff  or  terrace,  facing  the 
river,  yet  is  separated  from  the  river  by  another  terrace  of 
the  same  hight,  made  of  the  same  layers  of  rock,  fiEusing 
away  from  the  river.  This  latter  rises  as  an  island,  about 
30  feet  above  the  river  bottom* 

The  same  rock  is  more  or  less  exposed  in  the  road  from 
Shakopee,  for  a  mile,  before  reaching  Louisville.  At  Sha- 
kopee-^and  the  same  is  true  most  of  the  way  to  Louisvilh 
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-this  limestone  is  the  cause  of  a  distinct  terrace,  which  rises 
about  20  feet  above  the  bottoms.  On  the  surface  of  this 
terrace  a  great  many  boulders  of  northern  origin,  often  re- 
markably large,  are  strewn^  the  close  proximity  of  the  rock 
prfeventing  them  from  disappearing  in  the  thin  alluvium. 
As  the  direction  of  the  river  seems  not  to  coincide  with  the 
direction  of  the  strike  of  the  limestone,  it  soon  passes  on  to 
the  belt  of  the  sandstone  seen  in  the  Little  Bapids,  and  at 
Jordon,  the  transition  from  the  former  stone  to  the  latter 
being  indicated  by  a  change  in  the  character  of  the  river 
blufis,  and  the  terrace  already  mentioned.  A  short  distance 
below  the  mouth  of  Sand  Creek  the  limestone  affords  an 
exposure  in  the  right  bank  of  the  river,  while  the  creek 
itself  is  on  the  sandstone.  The  sandstone  there  is  the  only 
rock  visible  in  the  river,  as  far  as  to  St.  Lawrence,  which  is 
in  T.  114,  B.  24,  Scott  county.  I'he  limestone  there  ex- 
posed lies  below  the  sandstone,  and  will  be  described  in  an* 
other  place.  With  the  exception  of  a  slight  exposure  a  mile 
^r  two  below  Belle  Plaine,  and  another  near  Blakeley,  the 
rock  is  not  seen  again  on  the  east  side  until  reaching  White 
Bock  Bluff,  at  Ottawa.  On  the  west  side,  about  a  mile  be- 
low the  Jessenland  Church,  (Sec.  13,  T.  113,  B.  26)  there 
is  a  low  outcrop  of  the  lower  limestone  in  the  river  bottoms. 
At  Ottawa,  in  Le  Sueur  county,  the  Shakopee  stone  has 
fully  returned,  and  affords  a  very  fine  outcrop,  rising,  with 
the  underlying  standstone,  to  the  hight  of  about  70  feet 
above  the  river,  and  causing  as  at  Shakopee  a  broad  terrace, 
on  which  the  village  stands. 

Sections  at   Ottawa^  Le  Sueur  county,     (a)     Quarry  of 

John  P.  Binshed. 

I7o.  1.    Fawn-colored,  arenaceouB  limestone  in  even  beds  that 

W    «       correspond  in  dndalations  with  the  upper  surface  of  No.  8.    4  ft. 

^o.  2.  Sandstone  with  a  calcareous  cement ;  of  a  lighter  color, 
and  corresponding  In  undulations  with  the  surflftce  of 
No.  8 2ft.f 

llo.  8.  Magnesian  limestone,  very  much  like  the  Shakopee  stone, 
holding  green  clayey  deposits;  in  lenticular  and  irregu- 
lar beds ;  the  surflkce,  freshly  uncovered  by  the  remoyal 
'of  the  beds  of  No.  2,  has  much  the  appearance  of  being 
weathered,  rising  and  fkUlng  at  gradual  angles  and  caus- 
ing the  overlying  members  to  have  corresponding  undu- 
lations.   Not  well  seen  here.    Said  to  be 8  ft. 


N 


Total Uft. 

Other  quarries  showing  nearly  the  same  composition  of 
layers  as  Binshed's,  are  owned  by  Levi  Case  and  Charles 
'^Schwartz. 
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(6)  At  Rinshed's  Lime-kiln. 

Ne&rer  th«  river,  at  RiDahed'e  kiln,  the  underlying  eand- 
etone  can  be  seen.  In  this  eection  there  is  exhibited  either 
a  fault  or  an  icstance  of  uncootonnability  in  the  beddtiig. 
The  relation  of  the  sandstone  to  the  limestone  may  be  best 
exhibited  by  the  following  diagram  : 

Diagram  showing  the  relation  of  the  Limestone  to  the  Sand~ 
stone,  at  Ottawa.  Le  Sueur  County. 


j^^SSS^ST" 


XxplanaUoH. 
a.    HoHianUl  Uyen  of  whits  crnmbllnc  undstons  sbovliir  ob11qa«  asdliBi 


ImtntBtlon  nadlatnrbed,  b 


_.    .__ ildbj  debris. 

c    Onsbedol  Awo-eolaredllmaBtona.ilniaatfrMrromundi  Ilea  below  tba  itona  a( 
Rliabtd'a  qnarrj,  1  Iml. 

About  ten  rods 'below  this  kiln,  near  another  old  kiln  built 
by  excavating  in  the  sandstoae  along  the  bluff,  the  following 
section  may  be  seen  : 

(c)      Ten  rods  below  Binshed's  Lime-kiln. 

No.  1.    LlmestoDe,  ftiwn-colored.  In  aDdulatlng  beds;  beds  two 
u,^ ;  or  three  Inches  or  fta  thick  as  one  or  two  feet,  ftppar- 

ently  dlatarbed 16  (Mt. 

No.  S.    SandstoDe,  u  at  RInshed'a  kiln,  DndlBtarbed,  eeen 36  ftet. 

Just  back  from  the  bluff  where  the  laet  sectiou  was  takeo, 
IB  the  opening  that  furnisbes  stone  for  the  kiln.  The  lime- 
stone here  appears  like  that  at  the  bluff. 

The  whole  of  these  exposures  make  up,  in  general,  one 
irregular  stratum  of  limestone,  with  sandy  patches  and  lay- 
ers occurring  indiscriminately,  and  should  not  be  divided 
generally  into  different -members.  The  sandstone  underly- 
iDg,  however,  has  an  uneven  upper  surface,  due  perhaps,  to 
tibe  violence  of  the  latest  Bedimentatioo,  instead  of  upbeavslt 
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before  the  deposition  of  the  limestone.  There  is  no  other 
way  except  that  of  supposing  a  fault,  or  an  instance  of  un- 
conformability  within  the  Lower  Magnesian,  to  account  for 
the  position  of  the  heavy  bed  of  limestone  exposed  so  far 
below  the  top  of  the  sandstone  at  Rinshed's  kiln. 

A  little  more  than  a  quarter  of  a  mile  below  Binshed's 
kiln,  a  little  ravine  crosses  the  beds,  showing  the  upper 
portion  of  the  sandstone,  as  follows : 

(d)     Section  in  the  Sandstone  at  Ottawa. 

No.  1.  Redy  hard  sandstone,  in  one  heavy  bed,  exactly  like 
that  In  the  cut  on  the  Sloox  City  B.B.  near  Loals- 
yille 1  foot. 

No.  2.    White  sandrock,  like  that  In  the  railroad  cut  near 

Louisville seen       2-8}feet. 

The  observations  made  at  Ottawa  throw  much  light  on 
the  relation  of  the  limestone  there  with  that  at  Shakopee, 
thus — 

« 

Shakopee  limestone= Ottawa  limestone. 
Louisville  kilns- . .  .^Ottawa  kilns. 
Jordan  sandstone.. = Ottawa  sandstone. 

At  St.  Peter  the  quarry  near  the  Asylum  exposes  the 
uppermost  layers  of  the  Shakopee  limestone.  Owing  to  the 
work  going  on  in  the  finishing  of  the  Asylum  building,  a 
fine  opportunity  is  here  afforded  for  seeing  these  beds  in 
their  best  estate.  The  beds  are  here  very  regular,  diilering 
very  much  from  the  thin  and  confused  bedding  at  Shakopee, 
and  in  the  deep  openings  they  seem  to  be  all  very  heavy. 
Indeed,  in  the  face  ot  the  quarry  the  bedding  can  hardly  be 
discovered.  *It  seems  almost  massive.  Yet  on  quarrying 
the  stone  it  parts  along  certain  horizontal  planes  that  must 
be  bedding  planes.  Some  faces  show  five  feet.  Other  beds 
are  two,  and  three,  and  four  feet.  The  upper  four  feet  are 
checked  into  beds  of  two  to  four  inches  by  the  weather.  It 
is  rather  darker,  when  first  quarried,  than  the  Kasota  stone, 
but  has  the  same  general  cast  of  color.  It  seems  sometimes 
to  have  a  brownish  tinge.  The  amount  seen  here  is  about 
twenty-five  feet. 

In  the  banks  of  the  river  at  St,  Peter,  the  sandstone, 
corresponding  to  that  already  described  at  Ottawa,  can  be 
seen,  forming  perpendicular  or  overhanging  bluffs  fifteen 
feet  or  more  in  height. 

On  the  terrace  formed  at  St.  Peter  by  these  rocks,  other 
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quarries  have  been  opened  by  Albert  Knight,  and  by  others, 
but  none  exhibit  the  characters  of  the  formation  so  fully  as 
that  at  the  Asylum. 

Across  the  river  from  St.  Peter,  and  about  a  mile  toward 
Kasota,  is  another  exposure  of  the  limestone,  in  a  bluff 
along  the  roadside.  It  seems  here  to  be  more  shattered  and 
irregular,  and  like  the  Shakopee  stone.  Lime  burned  near 
here  cannot  be  distinguished  from  the  Shakopee  lime. 
About  eighteen  feet  are  seen,  the  lower  part  being  in  good 
heavy  beds.  The  upper  surface  is  water  worn,  and  in  the 
openings  the  Cretaceous  has  been  deposited. 

Geo.  C.  Clapp's  lime  kiln  and  quarry  are  five  miles  belolv 
Mankato,  on  sec.  17,  township  of  Kasota,  within  the  main 
drift  bluffs  of  the  Minnesota,  but  on  the  terrace  formed  by 
the  Shakopee  limestone,  and  about  a  mile  from  the  river. 
His  quarry,  located  near  his  kiln,  exposes  a  fine  gray  lime- 
stone, about  two  feet  thick,  sometimes  less  or  more,  grad- 
uating into  the  Shakopee  stone  which  underlies.  It  is  very 
firm,  little  porous,  and  contains  OrtMs^  at  least,  and  affords 
the  finest  and  purest  limestone  hitherto  seed  in  the  Shako- 
pee stone.  It  must  be  regarded  as  the  upper  portion  of  the 
Shakopee.  This  fine,  compact  texture,  and  gray  color,  are 
not  continuous  in  the  same  horizon,  in  other  places  the  harsh 
magnesian  grain  and  arenaceous  quality  existing  in  the  same 
beds.  Bunning  along  the  river  for  several  miles,  sometimes 
touching  the  river  and  sometimes  exposed  back  of  islands 
that  show  the  same,  this  limestone  forms  a  bluff  of  solid 
beds.  Although  there  is  usually  a  heavy  talus  covering  the 
foot  of  this  bluff,  yet  at  several  points  the  identity  of  this 
horizon  with  that  at  St.  Peter,  and  hence  with  that  at  Shak- 
opee, is  tully  established  by  the  exposure  of  the  underlying 
sandstone.  It  is  seen  at  a  point  about  two  miles  below  Mr. 
Clapp's  farm.  This  bluff  shows  a  good  stone,  as  at  St. 
Peter  and  Kasota,  but  is  not  much  quarried.  Perhaps  it  is 
more  arenaceous  ,in  patches.  It  is  blotched  with  whiter 
spots,  and  with  soit  chert. 

Another  fine  exposure  of  this  geological  horizon  is  visible 
about  a  mile  and  three  quarters  below  Mankato,  on  the  same 
side  of  the  river.  Trte  place  here  referred  to  is  that  some- 
times known  as  Hurricane  Bend,  although  the  point  so 
named  by  steamboat  captains  is  said  to  be  about  four  miles 
further  down  the  river.  The  section  here  exposed  is  the 
same  as  atClapp's,  and  also  the  same  as  at  Mankato,  but 
here  there  is  an  observed  thickness  of  sandstone  amounting 
to  forty- five  feet,  somewhat  hid  by  debris.    This  equiv- 
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alency  is  unmistakable,  since  the  bluff  can  be  traced  nearly 
all  the  way  to  Clapp's,  and  since  between  here  and  Mankato, 
besides  the  continuance  of  the  same  surface  features — the 
wide,  stony  prairie  formed  by  the  terrace,  the  uniform  alti- 
tude of  the  terrace,  and  its  striking  similarity  to  the  terraces 
at  St.  Peter,  Kasota,  Ottawa  and  Shakopee — the  actual  con- 
tinuity of  the  formation  ioan  almost  be  traced  out  by  expo- 
sures of  the  rock. 

In  the  report  of  progress  for  1872,  the  section  at  Max- 
field's  quarry  at  Mankato  was  given,  (p.  83,)  covering  61 
feot  of  the  Shakopee  limestone.  The  further  examination 
of  this  locality,  and  of  the  river  bluffs  for  several  miles 
below,  during  the  season  of  1873,  makes  it  desirable  to 
unite  the  sections  observed  in  one  general  section,  as  follows : 

• 
Section  at  MankalOf  in  Blue  Earth  Oouniy. 

No.    1.    Porons  magnesian  limestone,  n#t  used 4-6  fL 

No.    2.    Coarse,  Arlable  sandstone •••  2-4  ft. 

No.    8.    Magnesian  limestone .  burned  for  lime 2  ft. 

No.    4.    Calciferousj  sandstone,  in^  heavy  beds,  of  varions  grain 

and  texture,  sometimes  mottled,  quarried  for  building...  80  ft. 

YU>'    5.    Upper  shale  bed,  arenaceous  and  mottled  with  red 2-8  ft. 

No.    6.    Calciferons  sandstone,  generally  used  as  a  cut-stone, 

compact  and  even  grained 4  ft. 

No.    7.    Rough  and  Irregular  magnesian  limestone,  somewhat 

arenaceous,  but  unfit  for  cutting « 10  ft. 

No.    8.    Lower  shale  bed ;  very  much  the  same  as  the  upper 2  ft. 

No.    9.    One  heavy  bed,  generally  good  for  cut-stone 8  ft. 

No.  10.    Irregular  and  sandy  bed;  more  or  less  cavernous  and 

porous,  its  lower  three  or  four  inches  in  thin  chips,  fine 

grained,  and  stained  with  iron •'. .  •  8  ft. 

No.  11.    Jordan  sandstone,  seen  about 46  ft. 


Total  of  the  Shakopee  limestone,  about 65  ft. 

From  Mankato  toward  the  mouth  of  the  Blue  Earth  river, 
the  Shakopee  limestone  is  seen  at  frequeht  places,  forming 
precipitous  mural  faces,  capping  the  underlying  sandstone ; 
the  two  united  making  bluffs  that  rise  from  seventy-five  to 
a  hundred  feet.  These  exposures  are  mostly  on  the  right 
bank,  but  there  are  also  elevated  islands  in  the  river,  or  at 
least  elevated  portions  in  the  area  of  the  bottom  land,  that 
present  similar  perpendicular  rocky  bluffs  on  one  or  more 
sides.  These  exposures  extend  somewhat  beyond  the  mouth 
of  the  Blue  Earth.  The  Blue  Earth  has  cut  its  passage 
through  this  rim  of  rock,  at  the  point  of  its  debouchure 
upon  the  Minnesota  bottom  laud,  and  on  its  right  bank,  at 
the  place  of  the  crossing  of  the  St.  Paul  and  Sioux  City  R. 
B.,  a  series  of  interesting  observations  were  made.  Before 
19 
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reaching  this  point,  however,  in  following  the  highway 
from  Mankato  to  South  Bend,  but  on  the  east  side  of  the 
bridge  over  the  Blue  Earth,  the  Shakopee  limestone  is 
exposed  in  a  recent  excavation  by  the  side  of  the  road,  in 
the  removal  of  the  Cretaceous  clay,  which  is  seen  there  to 
overlie  it  unconformably.  The  limestone  here  shows  the 
effects  of  long  exposure  to  the  weather,  and  the  action  of 
water  in  the  form  of  waves,  probably  those  of  the  Cretaceous 
ocean,  prior  to  the  deposition  of  the  clay.  A  much  better 
example  of  the  same  effects  may  be  seen  a  little  further 
south,  just  before  the  crossing  of  the  Blue  Earth  by  the 
Sioux  City  R.  B.,  where  the  grade  is  cut  into  the  rock  for 
several  rods  before  reaching  the  river.  The  old  Silurian 
surface  is  here  very  mu.ch  weathered,  and  coated  with  iron 
peroxide,  the  nooks  and  openingt^,  and  all  sheltered  places 
being  filled  with  the  fine,  plastic  but  bedded  greenish  clays 
of  the  Cretaceous  age ;  the  drift  gravels  and  sands  overlying 
both.  These  phenomena  are  alluded  to  again  and  more 
fully  discussed  under  the  head  of  the  Cretaceous. 

Passing  from  the  mouth  of  the  Blue  Earth  south,  toward 
the  Red  Jacket  Flotiring  Mills,  occasional  exposures  of  the 
Shakopee  stone  are  met  with  along  the  highway  and  in  tht 
railroad  cuts  (Minn,  and  Northwestern  R.  R.),  for  about 
three  miles.  The  Red  Jacket  Mills  are  on  the  Le  Sueur 
river,  four  miles  south  of  Mankato. 

On  the  Maple,  near  its  union  with  the  Le  Sueur,  in  sec- 
tions 11,  12  and  18,  township  of  Rapidan,  (107,  27,)  Blue 
Earth  county,  quarries  that  are  feebly  run,  are  owned  by 
Barney  Simmons,  Samuel  Michael,  and  by  Messrs.  AverilU 
Culver,  Wood  and  Allgrain.  These  quarries  reach,  about 
two  miles  above  the  mouth  of  the  Maple,  and  are  in  the 
same  horizon  as  the  Mankato  quarries.  The  stone  occurs  in 
horizontal,  heavy  .beds,  along  the  low  banks  of  the  river, 
exposing  25  or  30  feet.  Some  mention  has  been  made  of 
the  Shakopee  stone  at  this  place  in  describing  the  sandstone 
there  seen  to  overlio  it,  and  supposed  to  be  the  St.  Peter. 
(Seep.  133). 

The  Shakopee  limestone  is  exposed  at  Garden  City,  in 
Blue  Earth  county,  in  the  banks  of  the  Watonwau  river. 
Mr.  S.  M.  Folsom  owns  a  slight  exposure  which  is  some- 
what worked,  situated  in  the  low  bank  of  the  river,  near  the 
water.  At  the  milldam,  just  above  the  highway  bridge,  it 
may  be  seen,  exposed  in  a  rough  and  very  irregular  outcrop, 
in  the  midst  of  the  river,  forming  a  rocky  island.     It  here 
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presents  large  cavities »  and  sometimes  a  breccia.     The  beds 
are  thick,  and  lie  in  a  short  synclinal »  as  illustrated  below. 

JSyndinal  in  the  Shakopee  Limestone^   at   Garden    Citj/f 

in  Blue  Earth  County. 


This  synclinal  is  not  believed  to  be  anything  that  affects 
the  general  dip  of  the  formation,  but  an  illustration  of  the 
irregularity  that  it  sometimes  presents  in  its  bedding.  A 
sifnilar  phenomenon  ^was  noted  in  respect  to  this  limestone, 
at  Ottawa,  in  LeSueur  county.  It  is  a  structure  very  com- 
mon in  the  Waterlime,  of  the  Upper  Silurian,  seen  in  north- 
western Ohio. 

This  exposure  of  the  Shakopee  limestone  has  very  much 
the  general  character  seen  at  Shakopee.  In  the  roughened 
upper  surface  the  usual  gasteropod,  seen  also  last  year  at 
Bochester,  in.  Olmsted  county,  was  seen  at  Garden  city, 
(Uuomphalus.) 

(e)      THE  JORDAN   SANDSTONE. 

This  name  is  here  applied  to  that  member  of  the  Lower 
Magnesian  which  immediately  underlies  the  Shakopee  Lime* 
stone.  As  has  already  been  stated,  it  has  been  referred  by 
Dr.  B.  F.  Shumard  to  the  Potsdam  Sandstone  or  Formation 
1,  of  Dr.  Owen's  series.  The  observations  of  the  past  sea« 
son  have  disclos'ed  the  fact  that  it  is  only  about  fifty  feet  in 
thickness,  and  is  underlain  by  another  great  limestone  form- 
ation which,  while  it  differs  considerably  from  the  Shako- 
pee stone,  is  still  a  magnesian  limestone,  and  belongs  to  the 
same  great  series. 

This  stone  is  first  seen  in  ascending  the  Minnesota  valley, 
so  far  as  at  present  known,  at  the  '*  Little  Bapids,"  near  the 
city  of  Carver,  in  Carver  county.  It  here  causes  a  fall  of 
about  seven  feet,  divided  between  two  separate  rapids.  The 
lower  rapid  has  a  fall  of  about  four  feet.  The  upper  is  about 
half  a  mile  further  up.  The  stone  is  thick  bedded  and 
coarse-grained.  A  few  rods  above  the  upper  rapid  it  is  ex- 
posed in  the  right  bank,  showing  about  six  feet  in  nearly 
horizontal  beds.    This  sandstone  was  penetrated  in  sinking 
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a  well  at  Louisville,  after  passing  through  the  Shakopee 
Xiimestone,  the  thickness  of  over  twenty  feet.  Passing 
along  the  public  road  from  Louisville  to  Jordan,  the.  strike 
of  the  sandstone  can  be  seen  by  outcrops,  in  the  form  of 
stony  islands,  in  the  river  bottoms,  and  by  exposures  near 
Dooleyville.  Where  the  public  road  crosses  •*  Van  Oser's*'* 
creek,  a  short  distance  above  Dooleyville,  it  has  a  dip  of  10 
or  15  degrees  toward  the  W.N.W.  About  twenty-five  feet 
can  here  be  made  out  in  passing  along  the.  stream  from  a 
short  distance  above  the  road  to  the  crossing  .of  the  St.  Paul 
and  Sioux  City  B.  R.  It  is  in  heavy  beds  and  is  coarse 
grained.  It  is  full  of  seams  and  '  checks,  presenting 
some  appearance  of  dip  in  different  directions.  Some  of 
ihe  seams,  or  lines  of  apparent  bedding,  run  nearly  perpen- 
dicular, but  they  do  not  have  a  constancy  that  shows  dip. 
The  operation  of  the  stream  is  such  as  to  bring  out  the  bed- 
ding, by  the  wearing  away  of  the  softer  layers,  so  as  to  in- 
dicate dip  in  the  direction  already  stated. 

Near  the  railroad  bridge  over  Van  Oser's  Creek,  and  in 
the  public  road,  this  sandstone  is  conglomeritic  and  broken. 
It  shows  the  effect  of  heat.  The  bedding  is  disturbed  and  even 
fractured,  the  opefiings  having  been  again  filled  with  coarser 
materials  and  some  pebbles.  Some  parts  of  it  are  highly 
ferruginous,  so  as  to  make  an  impure  iron  ore  which  is 
black.  These  characters,  however,  are  confined  to  a  very 
small  area,  not  being  seen  over  more  than  three  or  four 
square  yards,  making  a  mound-like  prominence  that  rises 
two  or  three  feet-  above  the  level  of  the  rest  of  the  bedding, 
which  is  bare  for  some  rods  about. 

About  a  mile  above  the  crossing  of  Van  Oser's  Creek,  the 
St.  Paul  and  Sioux  City  B.  B.  cuts  through  sandstone 
which  may  be  somewhat  below  the  beds  last  mentioned. 
The  upper  part  of  this  may  be  regarded  as  belonging  in  the 
section  at  the  creek.  This  cut  is  composed  of  the  follow- 
ing parts : 

^o.  1.  Hard  (yet  withiD  Mable)  sandstone,  In  one  bed,  of  a  red- 
dish color,  which  resembles  the  color  of  the  Shakopee 
stone  near  the  bottom  of  the  section  at  Loaisville 8  ft. 

^0.  2.    Fine,  incoherent,  white  sandrock,  massive;    seen  five 

feet,  may  amount  to • 10  ft. 

Directly  east  of  this  cut,  across  the  public  road.  No.  1 
above,  which  is  supposed  to  be  the  same  as  the  sandstone 
seen  in  Van  Oser's  creek,  outcrops  so  as  to  show  15  or  20 

*  This  is  oorraptod  from  yui  OiUrbaos. 
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feet.  It  causes  a  considerable  knoll,  where  huge  blocks 
four  or  five  feet  thick  are  checked  loose  by  the  leather  and 
removed  from  the  general  mass.  This  is  a  favorable  place 
for  quarrying. 

At  Jordan,  three  and  a  half  miles  above  this  place,  this 
sandstone  affords  its  typical  outcrop.  It  occurs  in  sand 
creek,  about  a  half  mile  above  the  village.  Quarries  here 
are  owned  by  John  Yolk,  and  by  Wosanick  and  Loniacheck. 
The  general  section  obtainable  from  the  various  outcrops- 
along  this  creek  has  thus  been  described.* 

Section  at  Jordan^  Scott  County. 

No.  1.    SandFock,  bnfflsh,  qnlte  ferraginoas,  thick-bedded,  seen 

at  the  mm *. 6  feet:* 

No.  2.  Sandrock,  fermginoas,  thlD  and  Irregularly  bedded,  fria- 
ble and  disintegrating,  with  many  ferroginons  seams, 
crusts  and  concretions.    In  the  quarry 8  tdtV 

No.  8.  Sandrock,  irregularly  whitish  or  ferruginous,  heavy-bed- 
ded, obliquely  and  beautifully  banded  with  iron  streaks 
andlaminae.    In  quarry 12  fset*- 

No.  4.    Sandrock,  bufflsh,  similar  to  No.  8,  but  thinner-bedded. 

In  the  quarry 8  feet. 

No.  5.    Sandrock,  hard  and  ferruginous  above,  soft,  friable  and 

bufflsh  red  below.  '  Falls  of  Sand  Creek 10  fset. 

No.  6.    Sandrock,  whitish,  compact.    In  the  beer  vaults,  seen..  12  feetr 

In  the  bed  of  the  creek,  near  the  breweries,  this  stone 
seems  somewhat  calcareous.  It  is  of  a  reddish  color  and 
slightly  porous,  while  the  quarried  stone  shows  generally  a 
white  color,  except  where  irony  water  has  rusted  the  inter- 
laminations,  presenting  then  a  streaked  section  of  rust  and 
white.  The  bedding'  in  the  creek  is  also  thinner.  Although 
the  foregoing  section  makes  up  a  thickness  of  51  feet  for 
this  sandstone  as  exposed  at  this  place,  the  observations  of 
the  survey  do  not  warrant  the  assignment  of  that  aggregate 
thickness  to  the  outcrops  there.  Some  of  the  Iocalitie» 
named  being  regarded  ab  on  the  same  geological  horizon. 
The  general  uniformity  of  characters  makes  it  difficult  to 
judge  how  much  of  the  bedding  at  one  place  may  be  included 
in  the  outcrop  at  another;  but  twenty- five  or  thirty  feet 
would  probably  cover  the  thickness  exposed. 

The  next  known  exposure  ot  this  stone  is  at  Ottawa, 
where  it  underlies  a  considerable  thickness  of  the  Shakopee 
limestone.  The  geology  of  this  place  has  been  given  in 
treating  of  the  Shakopee  Limestone.     The  interesting  ob- 

•MtfioH  qfa  geological  iurvey  <tf  th$  vicMty  ^  BtlU  PMne.  SeoU  Oo.,  Minn.  Br 
Alexander  WincbelL  In  thla  report  the  name  ot  Jordan  tandnOM  waa  first  applied  t(^ 
this  itona,  although  stlU  regarded  as  of  the  Potsdam  age. 
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servation  was  there  made  of  a  local  unconformability  in  the 
limestoDe,  with  the  Jordan  sandstone.     (See  p.  141.) 

From  Ottawa  to  Mankato,  this  sandstone  may  be  seen  at 
nearly  all  places  where  the  Shakopee  limestone  is  exposed. 
It  is  apt  to  be  somewhat  covered  by  debris,  as  it  lies  at  the 
base  of  the  continuous  bluffs  that  these  two  formations  cause 
throughout  that  part  of  the  Minnesota  valley. 

Near  the  Bed  Jacket  Mills,  four  miles  south  of  Mankato, 
on  the  Le  Sueur^  is  an  outcrop  of  sandstone,  which  is  doubt- 
fully referred  to  the  Jordan.  It  is  in  the  right  bank,  just 
above  the  mill  dam.  It  forms  a  perpendicular  bluff  rising 
from  the  water  about  20  feet,  underlying  a  heavy^deposit  of 
drift  which  rises  nearly  two  hundred  feet  higher.  In  the 
sandstone  are  soft,  apparently  magnesio-calcareous  pieces, 
about  an  infeh  in  diameter,  usually  flattened,  or  pointed,  or 
edged,  which  if  dry,  crumble  to  powder  in  the  fingers,  re- 
vealing little  or  no  grit,  but  which  when  wet,  are  sticky  and 
plastic.  These  pieces  resemble  somewhat  the  thin  deposits 
of  shale  seen  in  the  sandstone  that  has  been  referred  to  the 
St.  Peter  a  few  miles  higher  up  on  the  Le  Sueur.  (See  the 
Report  of  Prof.  Peckham  for  an  analysis  of  these  piecea#of 
shale.)  This  fact,  in  connection  with  the  existence  of  irony  crag 
in  the  overlying  drift  bluff,  makes  the  resemblance  of  this 
outcrop  to  the  above  outcrops  supposed  to  be  St.  Peter,  and 
to  those  at  Garden  City,  rather  greater  than  to  the  Jordan.  The 
geographical  and  topographical  relations  of  this  outcrop, 
however,  cause  it  to  appear  very  strongly  to  belong  to  the 
Jordan.     (See  p.  133.) 

At  Cappels  mill,  on  the  Watonwan,  two  and  a  half  miles 
below  Grarden  City,  a  sandstone  is  exposed,  and  somewhat 
worked.  Its  stratigraphical  relations  are  not  certain,  but 
it  probably  belongs  to  the  Jordan. 

Three  miles  below  is  the  Rapidan  mill.  The  same  sand- 
stone is  exposed  at  this  mill  and  at  several  places  between 
these  mills. 

At  Minneopa  Falls,  sec.  21,  T.  108,  R.  27,  the  cascade  is 
caused  by  the  Jordan  sandstone.  The  perpendicular  fall  ot 
the  water  is  about  30  feet,  but  45  feet  of  the  sandstone  can 
be  made  out.  Before  reaching  the  point  where  the  water 
leaps  over,  the  stream  works  its  way  through  a  perpendicu- 
lar thickness  of  15  feet  of  sandstone  beds.  It  then  comes 
in  contact  with  a  harder  portion  of  the  sandstone,  which  has 
a  thickness  of  about  six  feet.  This  Asists  the  water  longer 
than  the  underlying  layers,  and  maintains  a  projecting  shelf. 
The  mist  that  rises  keeps  the  walls  wet,  and  the  freezing  of 
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winter  crumbles  away  the  soft  sandstone,  so  as  to  form 
about  the  pool  where  the  water  strikes,  a  walled  amphithe- 
ater rising  about  40  feet  on  each  side.  This  glen  is  more  or 
less  shaded  with  elms,  cedars,  birches,  butternuts  and  oaks. 
It  is  prolonged  in  the  form  of  a  rough  and  shaded  gorgo« 
worn  in  the  solid  rock,  of  about  the  same  depth,  down  to 
the  point  of  issue  of  the  stream  upon  the  Minnesota  bot- 
toms, the  distance  of  about  half  a  mile.  The  gorge  below 
the  fall  is  darkened  by  the  dense  foliage,  the  stream  in  its 
course  being  much  of  the  time  hid  from  sight  but  for  a  few 
rods.  This  gorge  is  crossed,  about  a  quarter  of  a  mile  below 
the  falls,  by  the  St.  Paul  and  Sioux  City  R.  B.  At  the  foot 
of  the  falls  a  little  lake  of  water  is  confined  by  the  upheaved 
pebbles  in  front  of  the  cascade.  The  gravel  of  the  sur- 
rounding beach  is  hard  enough  to  admit  of  a  passage  on  all 
sides.  There  are  also  several  narrow  paths  along  the  walls 
of  the  amphitheater,  where  the  fallen  fragments  are  suffi- 
ciently turfed  and  overgrown  to  permit  a  passage  up  or 
down  the  stream.  An  elm  tree  which  is  nearly  three  feet 
in  diameter  grows  near  the  foot  of  the  cascade,  and  on  the 
right  bank.  Its  annual  rings  of  growth  would  indicate  at 
least  some  part  of  the  time  elapsed  since  the  retreat  of  the 
fall  from  the  place  where  it  stands.  Within  six  feet  of  it  the 
perpendicular  sandstone  wall  rises  to  the  hight  of  over  forty 
feet.  The  stream  is  subject  to  great  fluctuations  of  volume, 
sometimes  becoming  quite  dry.  In  passing  down  the  Min- 
neopa  gorge  to  its  union  with  the  Minnesota  river,  the 
bluffs  become  more  and  more  wooded,  the  stone  only  show- 
ing alternately  in  patches  on  opposite  sides,  and  no  lower 
yiew  of  the  Jordan  sandstone  can  be  had,  at  least  none  that 
can  be  proved  to  be  lower.  Before  reaching  the  Minnesota, 
howeyer,  a  continuous  bog  ip  encountered,  running  along 
both  sides  of  the  creek,  about  ten  or  fifteen  feet  above  the 
creek.  This  either  indicates  a  change  in  the  formation, 
bringing  in  a  shale  or  clay,  (perhaps  a  limestone,)  or  that 
the  muddy  alluvium  of  the  Minnesota  bottoms  has  been  car- 
ried back  up  the  Minneopa  so  as  to  shed  the  water  of  the 
bluffs.  This  bog  is  about  on  a  level  of  the  Minnesota 
flood  plain,  and  the  channel  of  the  creek  is  cut  in  alluvium 
that  cannot  be  distinguished  from  that  of  the  Minnesota 
bottoms. 

Seven  or  eight  milea  above  Mankato,  or  one  and  a  half 
above  the  wind  mill,  along  the  road  to  New  Ulm,  is  another 
exposure  of  the  Jordan  Sandstone,  with  features  very  much 
like  those  at  Minneopa.     A  little  creek,  which  is  dry  in 
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summer  time,  exposes  first  about  two  feet  of  coarse  sand- 
stone in  its  bed.  Following  the  ci:eek  down  a  few  rods« 
there  is  a  perpendicular  fall  of  about  fourteen  feet,  which  in 
time  of  high  water  must  make  a  handsome  cascade,  similar 
to  the  Minneopa  waterfall.  The  immediate  cause  of  the  fall 
is  the  occurrence  of  a  layer  of  about  a  foot  with  a  harder  or 
more  enduring  cement,  underlain  by  crumbling  sandstone. 
Over  the  sandstone  rises  the  drift,  about  fifty  or  seventy- 
five  feet,  mainly  made  up  of  hardpan,  (glacier  drift)  the  top 
of  which,  however,  is  composed  of  fine  sand  in  obliq  ue  strata 
ification.     The  alternation  of  layers  here  is  as  follows  : 

No.  1.  Closely  cemented  sandstone,  projecting  beyond  the  next,  5  inches 

No.  2.  Coarse,  white  sand,  in  waterwom  grains,  crambling  oat 

easUy 6  inche» 

No.  8.  Same  as  No.  1 6  lnche» 

No.  4.  Same  as  No.  2 1  foot 

No.  6.  Brink  of  falls.    Same  as  No.  1 1  foot 

No.  6.  Same  as  No.  2,  seen 80  feet 

This  horizon  is  undoubtedly  the  same  as  that  at  Minne<.pa 
Falls.  The  appearance  of  the  gorge  below  the  falls,  and  the 
occurrence  of  a  cemented  part  giving  rise  to  the  perpendic- 
ular fall  of  the  water,  are  very  mnch  the  same.  The  beds 
lie  here,  as  there,  nearly  horizontal.  The  grains  of  sand 
are,  perhaps,  somewhat  coarser  here  than  at  Minneopa. 

This  sandstone  can  be  seen  in  the  bluffs  on  the  opposite 
side  of  the  Minnesota  river,  surmounted  by  a  great  thick- 
ness of  drift.  The  bluffs  are  mainly  wooded,  but  some 
smooth  buttresses  and  slopes,  wrought  apparently  in  the 
drift,  and  covered  with  grass,  yet  reveal  the  stone,  large 
slabs  and  blocks  from  which  lie  on  the  hillside. 

(!)      THE   ST.   LAWRENCE  LIMESTONE. 

At  St.  Lawrence,  which  is  about  four  miles  northeast  of 
Belle  Plaine,  in  Scott  county,  a  still  lower  member  of  the 
Lower  Ma^nesian  is  exposed,  presenting  somewhat  different 
lithological  characters.  It  is  harder  than  the  Shakopee 
limestone,  evenly  bedded,  quartzose  and  specked  with 
green.  These  green  specks  have  somewhat  the  appearance 
of  coming  from  metamorphism,  yet  they  are  caused  by  liltle 
rounded  masses,  which,  if  harder,  would  seem  to  have  been 
water-worn  and  deposited  with  the  sedimentation.  They 
are,  however,  rather  soft,  cutting  like  talc.  They  exactly 
fill  the  cavities  in  which  they  lie.  In  some  small  portions 
they  almost  make  up  the  bulk  of  the  rock,  which  then  has  a 
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green  compact  appearance,  as  if  horublendic.  While  the 
rook  is  evidently  calcareous  and  magoesian  in  some  parts  ^ 
and  almost  destitute  of  these  green  specks,  it  is  also  silice- 
ous and  sharply  crystalline.  On  analysis  the  little  green 
specks  have  been  found  by  Prof.  Peckham  to  consist  of  limu, 
iron,  magnesia  and  a  trace  of  manganase.  See  p.  96,  *<Nos. 
30  and  31.'' 
The  section  here  exposed  is  as  follows : 

Section  at  St.  Lawrence^  Scott  County. 

No.  1.    Beds  two  to  four  inches,  witn  shaly  partings  and  green 

specks 8   It* 

No.  2.  Beds  fourteen  to  eighteen  inches,  hard,  siliceous,  occa- 
sionidly  porous  firom  crystallization,  specked  with 
green,  showing  crystals  of  brown  spar — a  good  build- 
ing stone 4   ft. 

No.  S.    Somewhat  ferruginous,  hard  and  crystalline,  less  porous 

than  No.  2 2    ft. 

No.  4.    Beds  irregular,  specked  with  green,  and  showing  green 

surfaces .^ 4   ft. 

No.  5.    Band  of  greenish  shale,  sandy 6  in. 

No.  6.    Beds  two  to  four  inches :  magnesian  limestone ;  seen 

about 1    ft. 

Total 14i  ft. 

Quarries  here  are  owned  by  Mr.  Hewitt  and  Mr.  Beason. 

At  Judson,  on  the  right  bank  of  the  Minnesota,  in  Blue 
Ea|:th  county,  is  the  only  other  known  exposure  of  the  St. 
Lawrence  limestone  in  the  valley  of  the  Minnesota.  It  here 
occurs  on  both  sides  of  the  river,  and  is  used  for  building 
stone.  It  was  in  traveling  along  the  highway  from  Man- 
kato  to  this  place  that  the  most  indubitable  evidence  of  the 
position  of  this  limestone  was  obtained.  Mention  has  al- 
ready been  made  of  the  occurrence  of  the  Jordan  sandstone 
at  Minneopa  falls,  and  at  a  little  waterfall  by  the  side  of 
the  road,  some  miles  above,  (see  p.  150).  In  passing  north- 
westwardly the  observer  crosses  nearly  at  right  angles  the 
direction  of  strike  of  the  successive  formations  in  that  part 
of  the  state.  Soon  after  leaving  the  little  unnamed  water- 
fall, above  mentioned,  and  within  three  quarters  of  a  milci 
an  outcrop  occurs  ot  a  reddish,  arenaceous  limestone,  very 
unlike  the  St.  Lawrence^stone,  but  similar  to  the  outcrop  in 
Jessenland  township,  in  Sibley  county,  which  will  be  fur- 
ther noticed  as  a  possibly  separate  member  of  the  Lower  Si- 
lurian (see  p.  155.) 

Within  that  distance,  or  a  little  before  reaching  that  wa- 
terfall, the  road  begins  to  pass  down  from  a  high,  and  rather 
20 
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rolling,  drift  plateau,  on  to  a  lower  plateau  or  terrace,  over- 
strewn  with  boulders,  like  the  terraces  at  Ottawa,  Kasota  and 
Shakopee,  which  skirts  the  valley  for  several  miles,  and 
indicates,  as  there,  the  advent  of  a  hard,  and  resisting  rocky 
foundation,  into  which  the  boulders  cannot  disappear.  The 
surface  of  this  lower  plateau  is  mainly  alluvial,  the  boulders 
lying  in  it,  but  not  covered  from  sight.  This  red  limstone 
occurs  in  the  surface  of  that  lower  plateau.  At  a  halt  mile 
further  the  character  of  the  rock  which  lies  so  near  the  sur- 
face is  disclosed  in  a  little  opening  by  the  roadside,  appa- 
rently made  for  getting  stone  for  use«  but  abandoned  on 
account  of  the  loose  and  shaly  character  of  the  beds  struck. 
These  shaly  and  thin  beds,  united  perhaps  with  the  red 
beds  seen  before,  may  have  given  rise  to  the  boggy  bench, 
already  mentioned  as  occurring  near  the  base  of  the  Jordan 
Sandstone  in  the  banks  of  the  Minneopa  gorge,  since  there 
so  situated  as  to  be  very  near  the  line  of  separation  of  that 
sandstone  from  the  St.  Lawrence  Limestone.  Near  this  lit- 
tle opening  are  two  culverts  that  are  constructed  of  stona, 
quarried  of  course  near,  like  the  St.  Lawrance  stone.  Pass- 
ing along  this  lower  plateau  about  a  mile,  to  Judson,  the 
general  surface  features  remain  about  the  same.  At  Judson 
quarries,  in  the  St.  Lawrence,  stone  are  owned  by  John 
Goodwin,  and  by  Mrs.  Wolf.  On  the  opposite  side  of  the 
river,  at  Hebron,  the  same  stone  is  wrought  by  Wm.  Phil- 
lips, Wm.  H.  Thurston  and  J.  H.  Dunham. 

This  is,  lithologically,  exactly  the  St.  Lawrence  stone, 
and  has  a  dip  of  two  or  three  degrees  to  the  southeast.  Sup- 
posing that  to  express  the  average  dip  from  Judson  to  the 
last  exposure  of  the  Jordan  Sandstone,  there  would  be  room 
for  a  thickness  of  thirty  or  forty  feet  of  beds  the  chaiucter 
of  which  is  not  known.  In  that  interval  must  fall  the  red- 
dish outcrop  three  quarters  of  a  mile  northeast  of  the  little 
unnamed  waterfall,  and  probablv  the  Jesseuland  outcrop, 
in  Sibley  county.  Mr.  Goodwin's  quarry,  near  the  ferry, 
shows  eight  feet  of  bedding,  but  lies  twenty-five  feet  above 
the  river.  The  beds  are  four  to  eight  inches,  although  the 
uppermost  three  or  four  feet  of  the  quarry  are  very  much 
nveathered  and  in  thinner  beds.  The  bedding  planes  are 
usually  entirely  covered  with  a  green  coating,  and  the  body 
ot  the  whole  is  specked  thickly,  and  sometimes  largely  made 
up  of  green  particles. 

The  other  quarry  of  Mr.  Gt)0(Jwin,  and  that  of  Mrs.  Wolf, 
both  situated  a  little  further  up  the  river,  are  similar  in  char- 
acters and  position  to  that  already  described.    It  is  mainly 
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a  limestone,  and  very  durable*  of  a  flesh^-coIor,  varying  to 
buff«  striped,  specked  and  blotched  with  green.  The  sides 
of  the  bedding  are  almost  altogether  green. 

Allasion  has  already  been  made  to  a  reddish  stone  closely 
associated  with  St.  Lawrence  limstone,  the  geological  hori- 
zon of  which  it  is  difficult  to  state.  The  first  exposure  ob- 
served of  this  occurs  three  miles  above  Blakeley,  and  on  the 
^est  side  of  the  river,  in  Jessenland  township.  It  is  in  the 
river  bottoms,  N.  E.  i,  sec.  12,  T.  113,  B.  26,  owned  by 
Mr.  D.  Doheny,  who  has  opened  a  little  quarry.  It  is  a  red, 
metamorphic  limestone,  nodular,  concretionery,  and  filled 
with  checks  and  planes  of  separation,  the  thickest  beds  being 
not  more  than  four  inches,  the  most  of  them  less  than  two, 
and  more  or  less  contorted.  It  has  greenish  surfaces,  and 
isolated  pockets  of  fine,  apparently  copper  stained  materials, 
but  very  sparsely  disseminated.  It  is  almost  a  worthless 
stone  for  any  use  except  macadamizing,  owing  to  the  ease 
with  which  the  beds  are  fractured  transversely.  It  is  rough 
and  irregular.  It  is  fine-grained  generally,  rarely  porous, 
and  cryptocrystalline.  When  weathered  it  shows  an  arena- 
ceous composition.  It  is  seen  in  surface  exposure  over  sev- 
eral square  rods,  the  thin  red  chips  covering  the  ground. 
About  six  feet  of  bedding  may  be  seen.  The  position  of 
this  limestone  is  supposed  to  be  somewhat  above  that  seen 
at  St.  Lawrence,  and  below  the  Jordan  Sandstone.  It  per- 
haps has  not  characters  sufficiently  defined  and  constant  to 
be  separable  from  the  St.  Lawrence.  Indeed  there  are  some 
good  reasons  for  supposing  it  may  be  the  uppermost  portion 
of  that  limestone  considerably  charged  with  iron,  and  chang- 
ed in  outward  appearance  by  the  waters  of  the  valley. 

(g)    THE  ST.  CROIX  SANDSTONE. 

^  In  the  report  of  progress  for  1872,  thisi  name  was  pro- 
visionally  applied  to  the  light-colored  sandstones  exposed 
largely  on  the  upper  Mississippi  and  on  the  St.  Croix  livers, 
lying  immediately  below  the  Lower  Magnesian.  During 
the  season  of  1873,  no  observations  on  this  series  of  sand- 
stones have  been  made,  and  no  new  light  can  be  added  to 
the  question  of-  the  age,  of  those  beds,  except  what  may  be 
found  in  connection  with  the  description  of  the  outcrop 
of  red  quartzite  at  the  mouth  of  the  Waraju  river,  near 
New  Ulm. 
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(h)    THE  ^POTSDAM  SANDSTONE. 

This  name  is  here  applied  to  the  red  sandstoiies  that  lie 
below  the  light-colored  sandstones  of  the  upper  Mississippi 
yalley,  and  to  their  supposed  equivalents  in  the  southwestern 
part  of  the  state.  The  principal  observations  on  this  sand- 
stone made  during  the  season  of  1873,  were  upon  the  outcrop 
near  New  Ulm.  The  annexed  map  of  this  locality  will  give 
a  correct  idea  of  the  position  of  this  outcrop  in  respect  to 
the  outcrops  of  conglomerate  and  granite  which  occur  a 
short  distance  further  up  the  river.  A  careful  observation 
on  the  dip  of  the  quartzite,  south  of  the  railroad  cut,  correct- 
ed for  variation  of  the  needle,  gave  27^  N.  10^  E.  A 
similar  observation  on  the  conglomerate  gave  a  dip  of  18^ 
toward  the  E.S.E.  The  granite  outcrop  is  located  on  the 
authority  of  Dr.  B.  F.  Shumard,  who  says :  <*  The  granite 
is  a  hundred  yards  removed  from  the  conglomerate,  with  its 
line  of  elevation  running  nearly  parallel  with  the  latter. 
Flesh-colored  feldspar  makes  nearly  two-thirds  of  the  gran- 
ite.'' This  outcrop  of  granite  was  not  noticed  by  the  survey 
in  examining  this  locality. 
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Mm  of  the  viciniiy  of  Kew  Ulm  and  Redstone,  showing 
the  position  and  dip  of  the  Conglomerate  and  QuarUnte. 

Bcile  1  Incli-luir  ■  nU*. 


e.  OtMumu  onttrop;  bad>  hi 

g.  GnnlM  OBlerop. 

40U.  Ooo|laRi*ntaoiitcrop;dlp18' K.B.K. 

q.  KsdqiurlilMaabsrop.illplTo  S.  IB"  B. 

The  dip  of  the  qaartzite  raries  in  degree.  It  is  greRtest 
near  the  river,  and  is  least  near  the  aorthem  extremity  of 
the  expoBore.  Indeed,  near  the  northern  extremity  the  but- 
fitce  has  a  slope  which  is  apparently  due  to  dip,  in  the  op- 
posite direction.  A  aectiun  north  and  south  through  the 
•quartzite  would  show  dip  chanffiug  somewhat  as  illnstrated 
hy  the  following  diagram,  eket^ed  on  the  spot : 
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Dip  of  (he  Quartzite  at  Redstone. 


At  the  northern  extremity  of  the  exposure  the  surface  of 
the  rock  shows  a  coarser  grain,  becoming  almost  couglom- 
eritic.  No  true  conglomerate  can  be  here  seen,  but  there 
are  grains  of  white  quartz  as  large  as  a  mustard  seed  dis- 
seminated thiough  it  The  relation  of  this  coarser  portion 
to  the  rest  of  the  quartzite  is  such  as  to  cause  it  to  overlie 
the  most  of  the  quartzite,  but  its  actual  superposition  can- 
not been  seen.  In  some  of  the  thin  bedding  near  the  lowest 
part  exposed,  mica  scales  are  visible  on  the  planes  of  the 
bedding.  When  fresh  they  are  black,  but  if  weathered  they 
are  of  a  golden  yellow  color. 

In  many  places  there  are  evidences  oi  a  higher  stage  of 
the  Minnesota  at  some  earlier  time.  These  consist  of  fur- 
rows and  water-worn  surfaces.  There  are  some  pot-holes, 
worn  usually  so  tiB  to  have  their  elongated  dimension  in  the 
direction  of  the  river,  their  shape  being  generally  oval. 
One  of  the  largest  noticed  was  20  inches  long  and  15  inches 
wide.  Its  depth  was  24  inches.  These  water-marks  rise 
120  or  125  feet  above  the  river. 

On  the  north  side  of  the  river,  nearly  opposite  New  Ulm^ 
is  an  outcrop  of  coarse  jaspery  conglomerate,  the  pebbles 
in  which  are  occasionally  a  foot  in  diameter,  and  waterworn. 
There  are  also  white  quartzite  pebbles.  Ten  feet  may  be 
seen,  in  an  irregularly  descending  strike  nearly  north  and 
south.  The  strike  of  this  conglomerate  outcrop  is  conspic- 
uous in  the  woodless  piairie,  or  terraced  slope  from  the 
prairie.  It  rises  from  the  very  river  bottoms  and  enters  the 
blufi  diagonally,  at  a  hight  of  perhaps  50  feet  above  the 
river.  The  talus  hides  the  underlying  stone.  The  strike 
faces  up  the  river. 

The  quartzite  outcrop  at  New  Ulm  was  described  in  gen- 
eral the  report  of  the  progress  for  1872,  (p.  75).  The  de- 
free  of  dip  and  the  thickness  of  the  bedding  exposed  were,, 
owever,  over-estimated.  There  may  be  250  feet  of  strati- 
fication exposed,  and  the  hight  of  the  rock  does  not  exceed 
125  feet  above  the  river. 

The  following  is  Dr.  E.   Emmons*  description  of  the 
«•  Sandstone  of  rotsdam,"  taken  from  his  report  on  the  Sec- 
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ond  Oeological  District  of  the  State  of  New  York,  printed 
by  the  Legislature,  in  January,  1838. 

*^  I  shall  not  enter  up6n  its  geological  relations,  any  fur- 
ther than  to  state,  that  in  Potsdam,  and  other  towns  in 
which  it  appears,  it  uniformly  rests  on  the  primary  strata; 
and  in  no  part  ot  the  country  is  there  any  rock  which  inter- 
poses itself  between  it  and  the  primary,  so  that  it  appears 
here  as  the  oldest  representative  of  the  transition  series. 
The  identification  of  this  rock  with  the  sandstones  along  the 
southern  border  of  Lake  Ontario,  will  be  a  matter  of  some 
difficulty.  It  is  geologically  below  the  transition  limestone, 
and  never  in  the  northern  district  alternates  with  it,  but  al- 
ways holds  the  relation  of  an  inferior  rock.  So  much  is 
known  of  its  position,  b>it  still  some  doubt  remains  as  to  its 
general  relation,  and  to  its  name  and  place  in  the  series  of 
rocks.     Some  call  it  the  old  red  sandstone ;  others  regard  it 

as  equivalent  to  the  new,  or  saliferous  rock  of  Eaton. 

•  •••••• 

*^  This  rock  is  a  true  sandstone,  of  a  red,  yellowish-red, 
gray  and  grayish-white  colors.  It  is  made  up  of  grains  of 
sand,  and  held  together  without  a  cement.  Intermixed 
with  the  siliceous  grains  are  finer  particles  of  yellowish  feld- 
spar, which  do  not  essentially  change  the  character  of  the 
sandstone,  but  they  show  the  probable  source  from  which 
the  materials  forming  it  were  originally  derived,  viz.,  some 
of  the  varieties  of  granite.  Unlike,  however,  most  of  the 
sandstones,  it  is  destitute  of  scales  of  mica.  The  coloring 
matter  of  the  rock  is  evidently  oxide  of  iron,  but  unequally 
diffused  through  it,  giving  it  intensity  or  deepnesis  of  color 
in  proportion  to  its  quantity.  In  some  places  it  is  almost 
wanting,  which  makes  it,  when  pulverized,  a  good  material 
tor  glass.  The  grains  and  particles  in  its  composition  are 
generally  angular,  but  where  it  takes  the  character  of  a  con- 
glomerate, as  it  does  in  the  inferior  layers,  they  are  fre- 
quently rounded.  The  thicker  strata  exhibit  an  obscurely 
striped  appearance,  owing  to  the  prevalence  of  certain  colors 
in  the  different  layers." 

Quartzite  similar  to  that  described  at  Redstone  was  again 
seen  in  the  southern  part  of  Sec.  7,  T.  106,  R.  36,  on  land 
belonging  to  the  St.  Paul  &  Sioux  City  R.  R.  It  presents 
here  a  small  surface  exposure,  in  a  ravine,  without  exhibit- 
ing any  distinct  bedding.  Its  surface  is  glaciated  in  a 
direction,  corrected  for  variation,  S.  84^  £. 

At  another  point,  perhaps  in  the  edge  of  the  next  sec- 
tion west,  (12)  is  a  larger  exposure  of  this  quartzite.    The 
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dip  18  4*  or  5®  N.  10®  W.  The  stone  is  very  hard,  but 
banded  with  light  and  red  beds,  evident  on  the  planed  sur- 
face and  on  the  fractured  side.  This  point  shows  glaciation 
S.  80  ®  E.  (corrected  for  variation. )  There  are  other  smaller 
exposures,  further  west  a  short  distance.  They  occur  fre- 
quently  on  the  hillsides,  where  the  drainage  has  washed  off 
the  light  drift  which  contains  a  few  boulders. 

At  still  another  point,  in  the  same  section,  the  glacia- 
tion is  very  evident.  There  is  here  a  trench,  traceable 
across  the  whole  extent  of  the  exposure,  a  distance  of 
several  rods,  which  does  not  perceptibly  vary  in  direction. 
It  is  a  foot  across,  and  two  inches  deep,  and  its  direction, 
corrected  for  variation,  is  S.  32®  E. 

There  is  an  extensive  and  important  ridge  of  this  quart- 
zite  not  yet  visited,  about  in  the 'northern  part  of  T.  108, 
Banges  35,  34  and  33,  situated  between  the  Big  and  Little 
Waraju  rivers. 

Mr.  I.  J.  BochuBsen  i^  authority  for  the  location  and 
further  items  of  other  outcrops  of  this  red  quartzite.  It 
may  be  seen,  according  to  his  description,  on  the  edge  of 
the  valley  of  Bock  river«  in  Bock  county,  three  miles 
north  of  Luverne.  It  consists  of  a  ridge  three  miles  long, 
running  N.E.  and  S.W.,  so  far  as  known,  its  average 
height  being  25  or  30  feet.  The  beds  lie  nearly  hori- 
zontal or  show  a  very  slight  dip,  and  are  from  one  to 
four  feet  in  thickness,  and  rather  easily  quarried.  Also 
on  the  road  to  Sioux  Falls,  15  miles  west  of  Luverne, 
and  two  and  three  miles  west  and  northwest  of  a  settlement 
known  as  Valley  Springs,  are  a  number  of  outcrops,  one 
large,  isolated  piece  being  known  as  Lone  Rock.  It  is  quar- 
ried at  one  point,  and  there  shows  conglomerate.  At  Sioux 
Falls,  15  miles  fuither  west,  in  Dakota,  the  ^ame  rock 
forms  the  fall,  and  lies  in  heavy  layers  nearly  horizontal. 
The  aggregate  fall  is  120  feet. 

(i)   THE  GRANITES  OF  THE  VALLEY. 

The  following  account  of  the  granites  of  the  Minnesota 
valley  will  consist  of  a  location  of  outcrops,  and  a  descrip- 
tion of  their  physical,  outward  characters.  No  attempt  will 
be  made  to  classify  them,  or  to  refer  them  to  any  horizon  of 
rocks  exposed  in  the  northern  part  of  the  state.  There  has 
not  yet  been  sufficient  time  to  engage  in  mineralogical  or 
chemical  comparisons  with  the  northern  granites.  There  is 
no  hesitation  in  saying  that  they  are  a  southwestward  exten- 
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8ion  of  those  northern  granites,  and  that  their  parallelisms 
probably  exist  and  can  be  referred  to  their  proper  places, 
when  a  sufficiently  detailed  examination  of  the  state  shall 
have  been  made. 

With  the  exception  of  the  small  exposure  of  flesh-colored 
granite  near  New  Ulm,  mentioned  by  Dr.  B.  F.  Shumard, 
the  first  outcrop  of  rock  of  this  kind  occurs  in  ascending 
the  valley  at  '*  La  Framboise  Place/'  where  it  rises  seventy- 
five  or  a  hundred  feet  above  the  level  of  the  river.  This  is 
at  Little  Bock  creek,  about  four  miles  below  Fort  Bidgely. 
The  exposure  has  long  been  known  among  the  French  trad- 
ers as  La  Petite  Roche.  It  is  one  of  a  series  of  exposures 
in  the  same  vicinity,  extending  along  the  river  bottoms, 
mainly  on  the  north  side,  for  a  mile  or  two.  In  general  this 
rock  is  granite.  It  rises  in  low  knolls,  perhaps  50  feet 
above  the  flood-plain,  visible  from  the  **  state  road"  that 
skirts  along  the  toot  of  the  bald  drift  bluffs  on  the  north  side 
of  the  river.  Its  outward  appearance  is  that  of  a  reddish 
granite,  made  up  of  the  ternary  granite  compound,  the  sepa- 
rate grains  of  which  are  not  coarse,  the  largest  ones  being 
the  feldspar.  The  quartz  is  milky,  or  often  amethystine ; 
the  mica  is  rather  scarce  for  typical  granite,  and  the  feldspar 
is  red  or  flesh-colored.  The  red  color  greatly  predomi- 
nates, giving  a  reddish  tinge  to  the  whole  stone,  wherever 
the  weathered  surface  is  kept  free  from  lichens,  or  where 
the  interior  is  freshly  exposed  by  cuts  for  quarrying.  The 
drift  bluffs  are  not  at  all  affected  in  contour  or  direction  by 
these  granite  knolls,  although  the  river  itself  winds  about  in 
the  lowest  channel  accessible.  No  regular  dip  is  distin- 
guishable. The  granite  shows  an  abundance  of  seams  and 
divisional  planes,  in  various  directions,  that  make  it  pre- 
sumptuous to  say  which  way  the  original  bedding  may  have 
lain.  The  only  circumstance  that  indicates  the  direction  of 
dip  is  the  occurrence  of  the  most  abrupt  faces,  in  numerous 
places,  on  that  side  toward  the  river,  the  opposite  slopes  being 
more  gradual,  descending  gently  toward  the  north,  as  if  the 
horizon  of  bedding  sloped  in  that  direction  at  an  angle  of 
86  ®  or  40  <=> ." 

On  close  inspection  of  this  granite  with  a  pocket-glass, 
there  seems  to  be  much  uncertainty  about  the  color  of  the 
feldspar.  The  reddish  color  is  most  prevalent  outside  of 
the  feldspar  crystals,  nr  only  on  their  surfaces,  as  if  the 
stain  arose  from  rustiness  and  weathering,  and  had  perme- 
ated the  loosened  granular  mass  by  being  in  solution  in  wa- 
ter. There  is  a  powdry,  at  least  a  gritty  and  sandy  oement, 
31 
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which  fills  the  interstices  within  the  mass  and  between  the 
grains  of  quartz  and  the  crystals  of  feldspar,  that  seems  to 
be  generally  redder  than  the  distinct  quarts  or  feldspar  por- 
tions. Yet  that  loose  and  more  finely  pulverized  part  seems 
to  be  made  up  entirely  of  quartz,  appearing,  on  close  exam- 
ination, to  have  the  light  color  and  distinct  fracture  of  gladsy 
quartz,  the  red  color  vanishing  from  sight.  The  color  seema 
to  be  located  very  largely  in  the  cement,  as  in  the  red  quarts- 
ite  at  New  Ulm,  suggesting  the  query  whether  this  may  not 
be  more  highly  metamorphic  sandstone.  In  a  deep  frac* 
ture,  however,  the  red  color  is  much  less  observable,  being 
replaced  by  a  gray,  the  feldspar  grains  becoming  more  evi- 
dent, and  the  whole  rock  appearing  much  like  the  St.  Cloud 
granite. 

Above  Fort  Ridgely,  by  following  the  only  passable  road, 
a  number  of  granite  outcrops  were  not  seen.  At  a  point 
two  miles  below  the  Lower  Agency,  T.  112,  R.  34,  Sec.  10» 
Mr.  Wm.  H.  Post  lives  on  the  bottoms,  near  the  mouth  of 
a  little  creek  coming  in  from  the  north.  From  him  the  fol- 
lowing statements  of  granite  in  the  bottoms  above  Fort 
Ridgely  were  derived.  It  outcrops  much  more  frequently 
on  the  south  side  than  on  the  north  side  of  the  river. 
Throughout  the  whole  distance  to  the  fort  (10  miles)  occa- 
sional mounds  of  bare  granite  rise  up  in  the  bottom  land. 
But  these  exposures  are  often  quite  small  and  at  some  dis- 
tance from  the  river.  At  Marshner's  Carding  Factory,  seven 
miles  above  the  fort,  are  a  number  of  granite  knobs,  in  the 
vicinity  of  a  lake  situated  in  the  bottoms.  Half  a  mile  further 
up  is  another  exposure,  but  more  or  less  connected,  by 
smaller  exposures,  with  that  at  Marsbner's.  The  next 
principal  outcrop  between  Fort  Ridgely  and  Mr.  Post's,  is 
on  the  south  side  of  the  river,  and  is  visible  from  his  house. 
It  shows  a  conspicuous  bared  spot,  with  some  timber, 
rising  in  one  place  nearly  as  high  as  the  enclosing  bluffs, 
but  not  effecting  the  general  level  of  the  prairie,  unless 
it  be  in  causing,  as  has  been  observed  in  one  or  two  ocher 
places,  a  knobby  or  rolling  tendency  in  the  prairie  surface, 
with  gravel  and  boulders  strewn  over  the  surface  of  the 
knolls.  One  very  prominent  rock  rises  nearly  forty  teet 
above  the  general  level,  cone- like,  and  can  be  ascended  only 
on  one  side.    It  bears  a  few  cedars. 

At  Mr.  Post's,  granite  outcrops  ooeur  at  two  places  in  the 
bottoms.  These  rise  but  few  feet  above  the  general  level. 
This  granite  has  a  strong  resemblance  to  that  at  La  From  • 
boise's.  It  contains  but  little  mica,  and  the  feldspar  is 
flesh-colored.    The  color  here  penetrates  the  feldspar  crys 
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tals.    In  some  places,  howeyer,  the  mica  is  more  abandanti 
and  the  feldspar  is  less  red. 

Birch  C!oolie  Creek  joins  the  Minnesota  in  Sec.  5,  T.  112, 
R.  34.  The  sides  of  this  ravine,  a  short  distance  above  its 
mouth,  are  in  granite,  which  is  more  or  less  decomposed. 
It  seems  to  have  a  dip  S.,  SE.,  and  SW*  The  only  place 
where  real  granite  can  be  seen  is  about  30  rods  above  the 
mill  dam  of  Mr.  Eld  ridge.  It  here  rises  20  or  30  feet  above 
the  creek.  In  other  places  the  creek  runs  over  it,  making 
rapids  and  falls,  some  of  which  Mr,  Eldridge  has  improved 
for  his  mill  power. 

A  substance  was  met  with  here  for  the  first  time  which 
was  afterwards  seen  at  a  number  of  places.  Its  ori-* 
gin  seems  to  be  dependent  on  the  granite.  Its  association 
with  the  granite  is  so  close  that  it  seems  to  be  a  result  of  a 
change  in  the  granite  itself.  It  lies  first  under  the  drift,  or 
under  the  Cretaceous  rocks,  where  they  overlie  the  granite, 
and  passes  by  slow  changes  into  the  granite.  It  has  some 
of  the  characters  of  steatite,  and  some  of  those  of  kaolin. 
In  some  places  it  seems  to  be  a  true  kaolin.  It  is 
known  by  the  people  as  **  Castile  soap."  It  cuts  like 
soap,  has  a  blue  color  when  fresh,  or  kept  wet,  but  a  faded 
and  yellowish  ash  color  when  weathered,  and  when  long  and 
perfectly  weathered,  is  white  and  glistening.  The  boys  cut 
it  into  the  shapes  of  pipes  and  various  toys.  It  appears  like 
the  pipestone,  though  less  heavy  and  less  hard,  and  has  a 
very  dififerent  color.  It  is  said  to  harden  by  heating.  This 
substance,  which  may,  at  least  provisionally,  be  denomin- 
ated a  kaolin^  seems  to  be  the  result  of  the  action  of  water 
on  the  underlying  granite.  Since  it  prevails  in  the  Cretace- 
ous areas,  and  is  always  present,  so  far  as  kuown,  whenever 
the  Cretaceous  deposits  have  preserved  it  from  disruption 
by  the  glacier  period,  it  may  be  attributed  to  the  action  of 
the  Cretaceous  ocean.  In  some  places  it  is  gritty,  and  in 
others  it  may  be  completely  pulverized  in  the  fingers.    A 

great  abundance  of  this  material  exists  in  the  banks  of  the 
irch  Coolie,  within  a  short  distance  of  its  mouth. 
In  the  bed  of  the  creek,  above  the  mill-dam,  several  veins 
are  seen  crossinfir  the  smoothed  surface  of  the  rock.  In  low 
water  these  can  be  closely  inspected,  and  their  composition 
and  structure  ascertained.  The  following  sketches  illustrate 
some  of  their  interesting  features. 

Tfie  Structure  of  Chaniiic  Veins  at  Birch  Ooolie. 

The  vein,  a  part  of  which  is  illustrated  by  figures 
below,   is  in  granite,  and  is  made  up  of  granite.    The 
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ounstituent  parts,  however,  in  the  vein,  are  much  finer. 
than  in  the  body  of  the  encloaing  rock,  and  show  a  deeper 
tinge  of  red  color.  Ite  direction  is  S.W.,  and  it  is  tour 
inches  wide.  It  ie  visible  along  the  creek  250  leet,  and  it 
is  crossed  by  numerous  other  Teiue  that  are  mainly  quartz  - 
itio  and  narrow.  The  structure  of  the  main  vein  is  some- 
what schistose,  and  seems  to  be  harder,  judging  irom  its 
forming  a  ridge  that  stands  above  the  general  surface  ol  the 
rock  one  or  two  inches.  The  laminae  of  the  schistose  vein 
run  usually  at  some  angle  across  the  direction  of  the  vein, 
but  in  one  place,  where  there  is  a  slight  change  in  the  di< 
rection  of  the  vein,  they  nearly  correspond  with  it.  Their 
usual  direction  is  nearer  N.  and  S.  This  main  vein  is 
iaulted  in  several  places,  and  is  divided  so  as  to  enclose 
an  irregular  oblong  area  at  one  point.  The  fault  here 
sketched  is  kccompanied  by  a  very  little  qusrtzitio  deposit, 
but  there  ie  no  constant  vein  of  quartz  crossing  the  main 
vein,  though  there  is  a  small  indistinct  seam  that  curves  off 
to  the  south  on  the  east  side.  The  laminae  in  the  two  sepa- 
rated ends  of  the  vein  exhibit  a  curving  in  opposite  direc- 
tions, as  if  they  had  been  somewhat  elastic  or  plastic,  and 
by  being  wrenched  apart,  had  bent  toward  each  other. 
Division  and  Beutuon  oj  Vtin  at  Birch  Oo(^ie. 


Faulting  in  Vein  at  Birch  Ooolte. 
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_  The  following  diagramB  represent  Bome  of  the  effects  of 
distarbanoe  in  ohaDging  the  direction  and  Btruoture  of 
TeinB.  The  curvature  represented  in  the  first  below,  is 
a  part  of  the  same  vein  as  described  abore.  It  is  aooom- 
paniedby  a  ohange  in  the  arrangement  of  the  minerals  in  the 
granite,  prodacing  a  curving,  schistose  lamination. 

Fatdling  in  Vein. 


Id  the  second,  the  same  vein  is  intercepted  by  a  rein  that  has 
the  outward  aapect  of  orthoclaae  felaite,  which  seems  to  be 
of  earlier  date,  inasmnch  as  the  former  is  disoontinned  OD 
reaching  the  latter.  The  discontinuance  of  the  smaller  rein 
seema  to  hare  been  the  canae  of  a  certain  ramifying  sohis- 
tose  ptractnre  in  the  vicinity  of  the  point  of  contact  of  the 
two  veins.     The  felsite  vein  is  one  foot  wide,  and  has  a 
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fleBh  color,  with  probably  considerable  qaarlz  crystallized 
with  it.  It  alao  shows  some  mica.  It  faults  aaother  TelQi 
and  heoce  is  of  later  date  than  it. 

JHaeontinuance  of  Vein  tn  Oranite  at  Birch  Coolie. 


[For  "OoDpiet,  Ci7pt04r|*t>Un«  biMlU,"  ra>d  Comput,  crTpM-eiriUlUiia  fBUt*.] 

Granite  of  the  same  compoBitioo  and  outward  appearanoe 
as  that  below  Fort  Bidgely  outcrops  on  both  sides  of  the 
Minnesota,  at  the  mouth  of  Crow  creek,  Seo.  35,  T.  113,  B. 
85.  It  is  here  also  superficially  decomposed  to  the  depth 
of  seTeral  feet,  forming  a  substance  resembling  kaolin,  al- 
ready mentioned  as  occurring  at  Birch  Coolie.  The  usual 
points  of  exposure  of  this  kaolin  are  in  the  banks  of  the 
little  ravines  that  enter  the  Minnesota  river.  It  is  generally 
overlain  by  deposits  of  Cretaceous  age,  comprising  clay, 
lignitio  shale,  sandstone  or  limestone.  When  the  water 
carries  this  kaolin  out  on  to  the  bottoms,  and  there  spreads 
it  over  (be  surface,  it  becomes  dry  after  the  subsidence  of 
the  water,  and  then  appears  as  a  nearly  white,  exceedingly 
DDotaouB,  glittering  scum  covering  the  ground.    In  this  ooD> 
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dition  it  shows  minate  flakes  and  sheets,  that  appear  like 
exfoliations  of  talc. 

At  the  mouth  of  the  Redwood  river,  on  both  sides  of  the 
Minnesota,  granite  outcrops  give  rise  to  many  rocky  hills  and 
knolls.  The  Redwood  river,  for  some  distance  before  reaching 
the  Minnesota  bottoms,  is  channeled  through  granite  rock. 
This,  together  with  the  excavated  Cretaceous  rocks  overly- 
ing, and  the  drift  deposits,  gives  the  river  a  very  deep  gorge 
through  which  it  flows  at  a  rapid  rate,  sometimes  plunging 
over  precipitous  or  perpendicular  rocky  descents,  present- 
ing a  series  of  waterfalls,  rapids,  and  quiet,  deep  pools  of 
confined  water,  which  are  rarely  excelled  for  picturesque 
beauty.     The  river  falls  about  100  feet  in  half  a  mile. 

The  granite,  through  which  the  river  is  canoned,  is  usu- 
ally the  typical  ternary  compound,  but  shows  variations. 
It  is  sometimes  slaty  or  schistose.  Just  below  the  flouring 
mill  of  Messrs.  E.  Birum  and  Brothers,  the  rock  on  the  left 
side  is  cut  by  divisional  planes  into  oblique  cuboidal  blocks, 
and  is  called,  in  the  absence  of  better,  a  <^  building  stone,'' 
from  the  ease  with  which  it  could  be  quarried.  It  is  also 
schistose  made  up  largely  of  quartz  grains  which  are  coarse, 
mingled  with  fine,  glittering  flakes  that  may  be  talc  or  mica. 
The  greenish  color  of  the  whole  stone,  on  fresh  fracture, 
gives  the  rock  a  talcose  character,  although  there  are  also  oc- 
casional black  scales  that  are  plainly  micaceous.  The  most 
frequent  divisional  planes  here,  causing  the  slaty  or  schis- 
tose structure,  run  about  NE.  and  SW.,  and  slope  at  an 
angle  of  about  25  degrees  below  the  horizon,  toward  the 
S£.  This  rock  might  be  denominated  a  schistose  and  tal- 
cose quartzite. 

At  Redwood  Falls  the  granite  is  overlain  by  the  kaolin, 
which  has  been  mentioned,  presenting,  in  connection  with 
this  substance,  a  very  interesting  series  of  exposures,  and 
suggesting  very  interesting  questions  both  economical  and 
Bcientific.  About  a  mile  below  the  village,  on  the  lett  bank 
of  the  river,  is  a  conspicuous  white  bluff,*  composed  of 
white  kaolin  clay.  Near  the  top  of  this  bluff,  where  the 
xains  wash  it,  it  is  silvery  white,  and  that  color  is  spread 
over  much  of  the  lower  portions,  though  the  mass  of  the 
lower  part  is  more  stained  with  iron,  having  also  a  dull  green- 
ish tinge.  The  white  glossy  coating  whicn  appears  like  the 
result  of  washings  by  rains,  is  spread  over  the  perpendfcu- 
lar  sides.  On  breaking  off  this  glossy  coating,  which  is 
Bometimes  half  an  inch  thick,  the  mass  appears  indistinctly 

^hia  is  probftbly  that  aetn  by  Keating,  and  pronounced  '*  white  sandatone." 
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bedded  horizontally,  but  contains  hard  lumps  and  irony  de- 
posits. Further  down,  the  iron  becomes  more  frequent, 
and  gritty  particles  like  quartz  impede  the  edge  of  a  knife. 
The  bedding  also  is  lost,  and  the  closest  inspection  reveals 
no  bedding.  Yet  there  is,  even  then,  a  sloping  striation 
or  arrangement  of  lines  visible  in  some  places  on  the  fresh 
surfieuse,  that  corresponds  in  direction  with  the  direction  of 
the  principal  cleavage  plane  ot  the  talcose  and  quartzitio 
slate  already  described.  In  other  places  this  arrangement 
is  not  seen,  but  the  mass  crumbles  out  in  angular  pieces 
which  are  superficially  stained  with  iron.  The  profile  of 
the  bluff  here  presents  a  singular  isolated  knob  or  buttress 
that  rises  boldly  from  the  very  river,  connected  with  the 
main  bank  by  a  narrow  edge  along  which  a  man  cannot 
walk  with  safety.  On  either  side  of  this  bold  promontory 
are  retreating  angles  in  the  bluff  along  which  a  descent  can 
be  made.  A  careful  inspection  of  these  ravines  and  of  the 
adjoining  bluffs  affords  indubitable  proof  that  this  material, 
white  and  impalpable  as  it  is,  results  from  a  change  in  the 
underlying  granitic  rocks. 

Just  above  this  point,  is  another  exposure.  It  here  sup- 
plies what  is  locally  known  as  the  **  paint  rock,''  from  an 
enterprise  started  several  years  ago  in  the  manufacture  of 
mineral  paint  from  this  material.  The  decomposed  granite 
here  has  very  much  the  same  appearance  as  the  kaolin, 
already  described,  at  Birch  Coolie,  but  contains  more  quarts, 
and  is  more  stained  with  iron.  It  has  a  greenish  color,  bat 
within  might  be  blue.  It  passes  upward  into  the  greenish, 
and  then  white,  kaolin  clay  already  described,  but  it  stands 
out  in  a  crumbling,  rusty  buttress,  exposed  to  the  weather, 
and  has  quartzitic  veins  and  concretions,  iron-coated,  and 
often  an  impure  iron  ore  in  considerable  quantities.  It  shows 
silvery  or  shining  talcose  flakes,  the  same  as  seen  in  the 
so-called  building  rock,  a  short  distance  below  the  mill  ot 
Birum  brothers. 

A  short  distance  above  this,  nearly  opposite  Redwood 
Falls,  is  situated  the  rock  which  was  quarried  for  the  manu- 
facture of  paint.  This  has  in  every  lespeot  the  same  char- 
acter and  composition  as  that  last  described.  It  consists  of 
a  perpendicular  bluff  or  point,  standing  out  from  a  lower 
talus  that  rises  about  75  feet  above  the  river,  to  the  hight  of 
75  feet  more.  On  the  top  of  this  is  the  drift-clay  hardpan, 
eovered  by  four  or  five  feet  of  sand  and  gravel,  the  whole 
bluff  being  about  150  feet  above  the  river.  This  bold  bluff,  or 
promontory,  stands  between  re-entrant  angles,  its  face  tall- 
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ing  down  sheer  thirty  or  forty  feet.  There  is' here  visible 
an  irregular  slaty  or  cleavage  structure  in  the  rock,  that  at  a 
distance  has  the  appearance  of  dip  toward  the  S.E.  30^. 
This  also  contains  quartz  veins  and  deposits,  accompanied 
by  iron,  in  some  places  too  abundantly  to  allow  of  bein^ 
cut  with  a  knife,  though  very  much  of  it  can  be  easily 
shaped  with  a  knife.  It  shows  **  slickensides,"  or  surfaces 
that  seem  to  have  been  rubbed  violently  against  each  other, 
causinc:  a  scratched  and  smoothed  appearance,  even  within 
the  body  of  the  bluff.  These  surfaces  are  concave  or  cur- 
ving, like  putty  hardened  after  being  pressed  through  a 
crevice. 

Between  Beaver  Falls  and  Vicksburg  the  granitic  rocks 
appear  almost  constantly  in  sight,  rising  in  mounds  or  bald 
irregular  slopes,  along  the  river  bottoms,  reaching  occas- 
ionally as  high  as  the  river  bluffs.  For  some  distance  above 
Beaver  Falls,  a  ridge  of  granitic  rock,  running  along  within 
the  bluffs,  divides  the  channel  into  two  parts,  both  of  which  are 
sometimes  occupied  by  water,  no  such  rock,  nor  any  other, 
being  visible  in  the  bluffs  themselves. 

At  eight  miles  above  Beaver  Falls  such  rock  occurs  in 
great  force  in  the  river  bottoms,  giving  the  appearance  of 
a  village,  at  a  distance,  partly  hid  by  the  scant  foliage. 
Here  it  occupies  the  whole  valley,  spurs  running  in  either 
direction  into  the  river  bluffs. 

At  Vicksburg  the  river  bottoms  are  crowded  with  granite 
mounds  and  hills,  some  of  them  holding  large  blocks  of 
hornblend  schist  that  lie  in  aitUf  the  transition  from  granite  to 
schist  being  very  abrupt. 

After  passing  Patterson's  Bapids  (T.  114,  37),  the  next 
important  granite  exposure  noted  was  at  Minnesota  Falls, 
situated  in  the  north  part  of  town  115,  range  39,  although 
^mall  mounds  of  granite  occur  for  three  miles  below.  Here 
the  river  bottoms  are  occupied  by  a  schistose  granite,  which 
splits  up  conveniently  for  foundation  stone.  The  change 
in  the  character  of  the  rock  is  evident  in  the  generally 
turfed  condition  of  the  mounds.  The  rock  is  here  inter- 
sected by  veins  of  quartz  and  trap  dykes,  the  latter  bein^ 
traceable  across  the  valley  for  half  a  mile,  running  N.E.  and 
S.W.  This  trap  is  heavy  and  dark  gteen,  with  some  shin- 
ing faces  on  the  hornblend,  when  freshly  broken.  In 
higher  levels,  and  apparently  overlying  this  bedded  schis- 
tose granite,  is  a  compact  hard-weatheiing  granite.  It  is  of 
a  gray  or  greenish-gray  color,  much  resembling  the  St.  Cloud 
granite.  The  rock  at  Minnesota  Falls  differs  very  notice- 
*  S2 
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ably  from  any  observed  in  the  river  valley  at  lower  points. 
It  is  bedded,  and  has  a  strong  dip  towards  the  S.E. 

At  a  point,  a  short  distance  from  the  river,  up  a  little 
ravine,  that  joins  the  Minnesota,  opposite  Austin  and  Wor- 
den's  flouring  mill  at  Minnesota  Falls,  the  mineral  already 
described  as  kaolin,  or  **  paint  rock,"  may  be  seen.  This 
decomposing  fifranite  here  holds  quartz  veins  and  deposits ; 
which  being  coated  with  a  lustrous  black  mineral,  or  hold- 
ing it  in  sheltered  angles  or  cavities,  has  attracted  the  atten- 
tion of  the  settlers,  who  have  regarded  it  as  possibly  an  ore 
of  silver  or  of  copper.  This  mineral  has  a  dark,  brown 
powder.  When  in  the  form  of  films  or  sheets,  or  larger 
globules,  it  parts  with  a  specular  cleavage.  In  some  places 
a  considerable  iron  rust  is  seen  in  this  quartz,  and  in  others 
drusy  or  peppery  crystals,  as  if  of  the  same  composition,  are 
scattered  over  the  surface,  making  it  appear  specked  under 
the  glass.  These  fine  crystals  make  a  lighter  powder. 
Prof.  Peckham  pronounces  this  mineral  to  be  haematite  iron 
ore.    It  is  specular. 

The  valley  all  the  way  between  Minnesota  Falls  and 
Granite  Falls  is  about  two  miles  wide,  and  presents  a  sinc^u- 
lar  billowy  prospect,  of  granitic  knobs,  rising  and  falling  on 
all  sides,  the  river  worming  its  way  among  them  and  having 
frequent  rapids  and  water- falls,  useful  for  mill  privileges. 
At  Granite  Falls,  as  at  Minnesota  Falls,  and  all  the  way  be- 
tween, the  rock  in  the  valley  is  a  schistose  granite,  almost  a 
mica  schist ;  but  it  varies  to  a  hard  gray  granite  that  resem- 
bles that  at  St.  Cloud  both  in  color  and  composition.  This, 
however,  forms  but  a  small  part,  the  greater  portion  being 
schistose  or  laminated.  It  also  varies  to  a  red  granite,  i.  e. 
one  in  which  there  are  evident  flesh-colored  crystals  of  feld- 
spar. These  two  variations  do  not  seem  to  lie  with  any  as- 
certainable fixed  relation  of  superposition  to  the  schistose  or 
bedded  granite,  but  rise  in  knobs  and  irregular  masses 
higher  in  the  valley  than  that.  They  are  not  wooded,  nor 
turfed,  the  schistose  granite  which  more  easily  decomposes 
being  generally  turfed. 

The  most  marked  peculiarity  of  the  granite  at  this  place, 
ib  its  constant  dip  toward  the  6.E.  This  has  been  observed 
at  several  other  points  before  reaching  Granite  Falls,  but 
some  uncertaint}  has  generally  existed  In  regard  to  the  true 
character  of  the  lamination  seen,  and  it  has  not  been  spoken 
of  as  dip.  Although  the  usual  direction  of  inclination  is 
toward  the  S.E.,  it  varies,  at  Granite  Falls,  from  S.E.  to 
N.E.    It  amounts  to  25  degrees,  but  sometimes  reaches  40 
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degrees.  At  one  place  at  Granite  Falls  the  rock  dips  to 
the  north  for  some  distance.  The  red  and  grey  colors  are 
▼ariously  mingled,  without  any  apparent  law  of  associati<^n 
or  alternation.  Although  the  patches  of  more  massive  and 
typical  granite  are  suitable  for  a  fine  building  material, 
they  still  show  the  same  dip  toward  the  S.E.,  and  are 
distinctly  bedded  throughout.  These  hard  knobs  rise  from 
ten  to  twenty  feet  above  the  general  level  of  the  other 
granite,  and  show  various  effects  of  running  water. 

The  trap  dykes,  the  direction  of  which  is  shown  by  the 
adjoined  diagram,  occur  in  the  river  bottoms,  about  a 
fnUe  above  Granite  Falls. 

Trap  dykes  at  Oranile  FaUs. 

Bedded  Oranite,   Dip  irregular. 


Trap  dyke,  90/t 


Oraniie,  dip  unaecerMnable^  54/L 
Ore&netone  trap  dyke,  48  ft. 


€fra»Ue,  d^  a.S, 

There  are  sudden  changes  in  the  rock  from  real  granite 
to  homblendic  schist.  These  occur  irregularly.  A  change 
like  this  gives  rise  to  the  waterfall  near  the  flouring  mill  of 
Hon.  Henry  Hill,  the  fall  being  due  to  the  greater  resistance 
of  the  harder  rock.  The  trap  dykes  above  mentioned  also 
cause  rapids  and  waterfalls  where  they  cross  the  river. 

Between  Granite  Falls  and  Montevideo,  at  the  mouth  of 
the  Chippewa  river,  the  granite  occasionally  appears  in  the 
river  bottoms.  It  was  noticed  at  a  point  six  miles  below 
IMontevideo,  on  the  north  side.  The  bedding,  supposed  to 
be  due  to  original  sedimentation,  still  dips  to  the  east.  It 
appears  sometimes  to  stand  nearly  vertical.  At  this  place 
occurs  a  belt  or  bed  of  hornblendic  schist. 

At  two  miles  below  Montevideo,  is  a  conspicuous  outcrop 
of  compact  hard  granite,  of  a  red  color,  lying  mainly  on  the 
north  side  of  the  river,  in  the  bottoms.  This  has  the  same 
dip,  VIZ.,  80  or  35  degrees  to  the  southeast.  The  beds  here 
regarded  as  representing  dip,  and  at  other  points  mention- 
ed, should  be  further  described.  They  are  in  thickness  ^ 
to  2  or  three  inches,  or  they  seem  sometimes  to  be  a  foot  or 
two.  When  weathered  they  appear  thiner,  and  the  granite 
then  sometimes  presents  a  slaty  structure,  the  edges  stand- 
ing out  febai  ply  at  the  angle  of  dip.    At  Minnesota  Falls, 
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and  from  there  to  Granite  Falls,  these  beds  are  so  micaceous^ 
as  to  make  what  has  been  termed  a  schistose  granite,  the 
whole  mass  becoming  easily  disrupted  by  frost  and  water, 
and  then  turfed  over.  But  at  this  place  the  beds  are  closely 
compacted,  and  the  whole  is  almost  massive.  The  thick- 
ness of  the  bedding  can  easily  be  seen,  however,  in  the  oc- 
casional thin  sheets  that  part  from  the  knobs,  or  in  the  stri- 
ations  that  mark  the  faces  of  the  waterworn,  bald  knobs. 
Although  these  knobs  rise  at  irregular  intervals,  and  are 
variously  situated  with  reference  to  each  other,  having 
sloughs  between  them,  yet  they  are  arranged  somewhat  in 
succession  in  one  direction,  making  rows  or  almost  some- 
times continuous  ridges,  running  parallel  in  the  direction  of 
the  strike,  N.£.  and  S.W.,  which  of  themselves  indicate  a 
system  of  bedding.  On  a  weathered  cross-section  of  the 
bedding,  the  marks  of  striation  or  sedimentation  often  sboir 
a  wavy  arrangement,  or  distorted  parallelism,  and  some- 
times they  vanish  and  widen  alternately.  The  dip  meas- 
ured in  one  place  is  here  58^,  10^  east  of  south.  At  another 
point,  very  near  the  last,  it  is  85^  in  the  same  direction. 
This  granite  has  the  color  and  apparent  composition  of  tbat 
seen  below  Fort  Ridgely. 

This  granite  shows  occasionally  a  knob  of  homblendic 
schist,  rising  among  the  granite  mounds,  having  very  much 
the  form,  dip  and  bedding  of  the  granite. 

There  is  also  occasionally  a  mound  or  dyke  of  trap,  or 
greenstone,  split  into  shapeless  blocks  under  the  weather, 
the  planes  of  division  running  in  various  directions.  These 
have  no  bedding,  nor  dip,  but  are  very  heavy,  and  uniform- 
ly of  a  dark  green  color.  They  do  not  disturb  the  uniform- 
ity of  dip  in  the  granite. 

The  following  diagram  will  exhibit  some  of  the  features 
of  the  granite  as  exposed  two  miles  below  Montevideo : 
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Cfranite  two  tnika  below  Montevideo,  Chippewa  Co. 


The  change  in  the  direction  of  dip  in  the  granite  here  - 
sketched  ia  rather  less  sudden  than  here  represented.  The 
seam.or  joint,  marking  the  point  of  contact  of  the  beds  dip- 
ping in  different  directions,  is  Ter7  much  covered  with  turf, 
and  the  manner  of  union  cannot  be  ascertained  definitely, 
hot  on  the  face  ot  the  bluff  (strike)  there  is  no  apparent 
distarbance  or  irregularity. 

A  belt  or  wedee-shaped,  lenticular  mass  of  hornblendio 
schist  occurs  in  uie  granite  here  described,  od  the  land  of 
Mrs.  E.  A.  Hull,  having  more  easterly  dip,  and  running 
N.W.  and  S.E.  It  is  20  rods  long,  and  from  20  ft.  to  6 
rods  wide.  Its  dimensions  and  form  cannot  be  fully  and 
«xactly  seen.  It  Hppears  in  low  knobs  much  like  the  gran* 
ite,  and  the  intervals  of  non-exposure  are  grassy. 

Mr.  L.  B.  Moyer,  county  surveyor  of  Chippewa  county, 
reports  granite  on  the  prairie,  three  milss  east  of  Montevideo, 
and  in  tibe  Minnesota  bottoms,  a  mile  above  Montevideo. 

Near  the  lower  end  of  Lac-qui^parle  lake,  granite  appears 
«D  both  sides  of  the  lake.     It  is  usually  inaccessible  /rom 
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the  preyalence  of  water ;  bat  in  the  dry  months  of  &e  jemr 
it  can  be  reached  on  the  north  side  without  any  tronble, 
except  from  tall  grass  and  boshes.     There  are  three  or  tonr 
small  bare  spots  on  the  sooth  shore  that  can  be  seen,  and 
three  or  foor  others  that  rise  op  in  the  midst  of  the  lake. 
Two  of  these  spots  of  bare  rock  also  oocor  on  the  north 
side,  near  the  foot  of  the  lake.     This  rock,  so  fisur  as  can  be 
seen  on  the  north  side,  shows  rery  moch  the  same  composi- 
tion as  farther  down  the  river.     It  contains  qoartz,  mica  and 
flesh-colored  feldspar,  with  patches  and  veins  of  qoartz, 
some  of  which  are  mingled  with  porphjrritic  feldspar.    The 
exposed  sorfaces  are  annoally  sobraei^ed,  or  nearly  so,  and 
do  not  exhibit  very  plainly  soch  markings  as  indicate  sedi* 
mentation  or  dip.    There  seems  to  be  an  indistinct  arrange-^ 
ment  ot  the  mica  scales,  so  as  to  give  the  rock  a  schistose 
stroctore,  hot  this,  althoogh  generally  ronning  N.E.  and 
S.W.,  does  not  have  that  direction  invariably,  and  does  not 
at  all  represent  the  lamination  or  bedding  seen  below  and 
already  described.     In  only  one  small  area  can  there  be  seen 
wbat  looks  like  the  same  bedding,  and  there  it  is  hot  six 
inches  in  thickness,  the  beds  being  one  or  two  or  three 
inches,  with  a  dip  of  75^  toward  the  S.£.     Jointing  planes 
divide  the  whole  mass  into  blocks  and  rhombs,  foor  or  five 
or  six  feet  in  thickness.     There  is  a  considerable  low  land 
aboot  the  lake,  moch  of  which  is  flooded  at  the  wet  seasoD 
of  the  year,  but  it  is  atony  and  boshy,  and  has  the  appear- 
ance of  rock  in  a  great  many  places  near  the  sorfiuse.     Soch 
appearances  are  seen  the  whole  length  of  the  lake,  and 
especially  on  the  north  side.     About  three  miles  above  the 
foot  of  the  lake,  rock  can  be  seen  on  the  sooth  side  at  two 
points,  rising  plainly  above  the  general  level  of  the  bottoms, 
and  ascending  in  the  slope  from  the  prairie.     Soch  exposores 
continue  to  near  the  head  of  the  little  lake  on  T.  120,  R. 
44,  where  granite  appears  in  several  places  on  the  sooth  side 
of  the  river. 

Forther  op  the  river,  near  where  it  enters  T.  120,  B.  44, 
may  be  seen  a  large  exposure  of  coarse  granite.  The  crys- 
tals of  feldspar  are  large  and  flesh- colored,  or  red.  Yet  the 
granite  also  varies  to  a  lighter  color,  in  which  the  feldspar 
is  nearly  white.  It  shows,  in  the  latter  case,  a  perpendico- 
lar  jointing,  the  planes  being  one  or  two  or  three  inches 
apart.  The  whole  exposure  consists  of  bare,  massive, 
rounded  knobs,  cut  into  angular  rhomboidal  blocks,  by 
jointjng  planes,  but  in  no  place  showing  the  dip  seen  lower 
down  the  Minnesota  river. 
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Granite  also  outcrops  about  three  quarters  of  a  mile  above 
Mr.  F.  Frankhouse's,  on  the  south  side  of  the  river,  two 
miles  above  the  last. 

Red  granite  also  appears  about  a  mile  further  up,  in  the 
river  bottoms,  near  Mr.  W.  Movius'  house,  presenting  an 
irregular  exterior,  showing  no  dip,  although  there  are  here 
also  conspicuous  jointing  planes.  This  is  about  three-fourths 
of  a  mile  above  the  mouth  of  the  Yellow  Banks  creek.  Op- 
posite Mr.  Movius',  on  the  south  side,  in  the  bottoms,  may 
be  seen  another  similar  granite  mound. 

At  three  miles  below  the  foot  of  Big  Stone  Lake,  there  is 
a  tumultuous  outcrop  of  red  granite,  extending  to  the  lake 
on  both  sides  of  the  river.  I'his  shows  planed  and  striated 
surfaces  on  a  grand  scale.  These  marks  have  a  N.  W.  and 
6.E.  direction  (corrected  for  variation),  or  that,  in  general, 
of  the  Minnesota  valley.  The  whole  rock,  including  the 
upper  surfaces  and  the  sides  of  the  mounds,  is  planed  off. 
The  best  exhibition  of  these  markings  is  seen  on  the  north- 
western slopes,  in  which' direction  there  is  a  system  of  joint- 
ing planes,  dividing  the  granite  into  blocks  that  have  at  first 
sight  a  strong  semblance  of  dip,  the  masses  breaking  off 
more  nearly  at  right  angles  on  the  southeast  side.  This  is 
a  coarse,  red  granite,  with  largo  crystals  of  feldspar.  The 
following  diagram  illustrates  the  effect  of  the  jointing  in  the 
rock,  acted  upon  by  glacial  forces  from  the  northwest. 

Jointing  and  Qlaciation  at  Big  Stone  Lake* 


Above  the  foot  of  Big  Stone  lake  there  is  no  known  out- 
crop of  granite  throughout  its  extent.  Cretaceous  rocks 
constitute  the  only  outcrops.  These  are  seen  sometimes  in 
the  little  creeks  that  enter  it,  and  are  outlined  as  terraces 
on  its  banks. 

The  examiners  of  the  land  of  the  Winona  and  St.  Peter 
B.  B.  report  granite  in  situ^  on  the  prairie  T.  113,  B.  43, 
Sec.  17,  and  T.  113,  B.  39,  Sec.  29. 


176  AKNUAL  BBPOBT. 

Further  examination  of  the  granitic  belt  was  made  at  Sauk 
Bapids  and  St.  C!oud,  for  the  purposes  ot  comparison  with 
the  granites  of  the  Minnesota  Talley,  and  with  a  view  to 
some  parallelization ;  but  as  that  region  will  undergo  a  more 
detailed  survey,  and  no  results  were  obtained  bearing  on 
the  subject  of  the  relative  age  of  the  rocks  at  that  place  and 
the  granite  of  the  Minnesota  valley,  those  observations  are 
reserved  for  future  comparisons. 

(j)   THE  OBBTAOBOITB. 

In  the  progress  of  the  season's  work,  the  first  point  at 
which  these  rocks  were  seen  was  in  Dakota  county.  At 
Empire  Gity,  where  the  highway  crosses  the  Vermilion,  Sec. 
24,  T.  114,  R.  19,  the  river  is  handsomely  terraced.  The 
valley  between  the  lowest  benches  .that  rise  on  each  side  is 
from  bne  to  two  miles  wide.  The  first  terrace  is  very  con- 
spicuous in  the  treeless  landscape,and  consists  superficially  of 
coarse  drift.  Its  crest  is  gently  rounded  off.  It  is  occu- 
pied with  fine  farms.  The  same  is  true  of  the  land  lying 
along  its  base,  which  might  be  called  the  flood  plain  of  the 
river.  Yet  it  is  probable  the  river  never  floods  the  greater 
part  of  it.  Some  of  this  plain  is  wet  and  grassy,  making  fine 
meadow  land,  and  other  parts  of  it  are  plowed  for  wheat. 
The  first  terrace  seems  sometimes  broken,  about  midway, 
into  two  terraces,  the  constancy  of  which  could  not,  how- 
ever, be  discovered.  It  is  subject  to  numerous  re-entrant 
bends  and  other  sinuosities,  the  points  intervening  being 
stony  and  only  fit  for  pasturage.  The  pebbles  are  generally 
quartzitic,  and  lie  very  thick  on  the  surface.  They  are 
rounded  as  by  water.  The  hight  of  this  terrace  above  the 
river,  measured  by  Mr.  Furber  by  Locke's  level,  was  found 
to  be  81  it.  3  in.  Above  this  terrace  there  is  a  further 
ascent  to  the  level  of  the  general  prairie.  What  part  the 
St.  Peter  sandstone,  which  forms  Lone  Rock  a  short  dis- 
tance north,  and  shows  an  outcrop  in  the  valley  a  short 
distance  up  the  river,  plays  in  the  formation  of  this  terraced 
slope  to  the  Vermilion,  cannot  be  certainly  ascertained,  but 
it  probably  is  very  small.  The  Cretaceous  clays  and  shales, 
with  their  associated  loose  sandstones,  however,  are  per- 
fectly adapted  to  the  formation  of  terraces  along  streams,  as 
has  been,  and  will  be  further  mentioned  in  describing  the 
Minnesota  valley,  and  they  are  believed  to  be  the  sole  cause 
of  these  terraces.  If  the  reader  wishes  to  investigate  this 
subject  further,  he  is  referred  to  those  chapters  and  para- 
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naphs  that  describe  the  terraces  of  the  Minnesota,  and 
discuss  the  drift  and  its  phenomena.  This  assignment 
of  these  terraces  to  the  agency  of  the  stratified  deposits 
of  the  Cretaceous  does  not  rest  on  bare  opinion.  The 
Cretaceous  clay  was  seen  in  outcrop  near  the  bridge  over 
tiie  Vermilion  near  Empire  City.  The  destructible  nature 
of  these  beds  causes  them  to  be  covered  by  loose  mate- 
rials, which,  after  the  lapse  of  time,  spread  over  the 
entire  surface,  and  superficially  appear  to  compose  the  whole 
substructure.  The  beds  themselves  are  thus  only  outlined 
in  the  form  of  terraces. 

'In  ascending  the  Minnesota  valley  the  first  point  at  which 
the  Cretaceous  was  identified,  so  far  as  it  can  be  without 
the  aid  of  fossils,  is  at  the  Asylum  farm,  near  St.  Peter,  in 
Nicollet  county.  It  lies  here  in  the  water-worn  openings  of 
the  Shakopee  limestone.  It  is  a  white,  or  greenish -white 
deposit,  holding  much  sand.  It  has  a  great  many  flinty 
fragments,  and  some  siliceous  limestone  lumps.  The  latter 
are  rounded,  but  the  former  are  angular.  The  lumps  are 
porous,  crystalline,  hard,  and  gray  or  white.  No  fossils 
can  be  seen,  and  no  stratification.  It  seems  rather  to  have 
been  jammed  into  the  openings  in  the  Shakopee  stone.  A 
similar  exposure,  presenting  the  same  characters,  occurs 
across  the  river  from  St.  Peter,  and  about  a  mile  toward 
Easota,  in  a  bluff  by  the  side  of  the  road. 

A  heavy  bed  of  white  sand,  which  has  been  described  as 
probably  belonging  to  the  St.  Peter  sandstone,  ^p.  184),  oc- 
curs on  the  Blue  Earth  and  its  tributaries.  It  is  associated 
with  an  impure  iron  ore,  and  with  light  green  shale,  but  its 
exact  relation  to  them  has  not  been  ascertained.  It  may 
belong  to  the  Cretaceous. 

At  Mankato,  in  Blue  Earth  county,  a  series  ot  very  inter- 
esting observations  were  made  on  the  Cretaceous,  throwing 
some  light  on  the  history  of  that  period  of  submergence 
which  brought  the  most  of  Minnesota  below  the  ocean. 
Where  the  road  to  South  Bend  crosses  the  Blue  Earth,  on 
the  east  side  of  the  bridge,  is  a  cut  in  greenish  clay,  by  the 
side  of  the  road.  This  deposit  of  clay  lies  in  a  nook  along- 
side the  bluff  of  Lower  Silurian,  and  doubtless  was  protected 
from  destruction  in  the  glacial  period  by  that  bluff.  It  is 
covered  with  drift,  and  at  one  place  occupies  a  cleft  in  the 
Silurian  rock,  running  nearly  to  the  surface  of  the  ground 
at  the  top  of  the  bluff.  Its  position  here,  and  as  repre- 
sented in  the  following  sketch,  is  very  deceptive.  It  ap- 
pears very  much  as  if  in  place  in  the  Shakopee  stone,  but 
28 
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the  beds  of  that  stone  hold  aa  low  a  plaoe,  horizontally,  a 
little  further  to  the  left,  as  this  clay.  The  bluff  of  Lower 
Silurian  can  be  seen  to  disappear  behind  the  clay,  in  some 
places  the  clay  being  removed  so  aa  to  show  the  bluff  at 
lover  points  than  at  others.  There  is  every  indication  tb-it 
this  deposit  is  of  small  extent. 

The  Cretaceous  at  Mankato, 
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Passing  along  the  right  bank  of  the  Blue  Earth  river  from 
the  highway  to  the  railroad  bridge,  we  come  to  a  cut  in  the 
Sbakopee  atone.  This  ia  in  the  same  horizon  aa  that  just 
described,  and  shows  more  fully  the  mannei  of  superpositioa 
oi  the  Cretaceous  on  the  Silurian  rocks.  This  out  is  perhaps 
70  feet  above  the  river,  the  bank  of  which  is  composed  en- 
tirely of  rock,  the  lower  portion  ot  which  is  the  Jordan 
Sandstone,  and  the  upper,  the  Shakopee  limestone,  tbe 
latter  comprising  about  20  feet.  In  general  this  railroad 
cut  shows  a  mixture  of  Cretaceous  clay  with  the  Lower 
Silurian,  the  top  of  the  whole  being  thinly  and  irregulaily 
covered  over  and  chinked  up  with  coarse  drift.  The  Lower 
Silurian  ia  more  or  less  broken  and  tilted,  at  least  the  bed- 
ding seems  to  have  been  cut  out  into  huge  blocks  by  divi- 
sional planes,  which,  either  by  weathering  or  water- wearing, 
were  widened,  the  blocks  themuelves  being  subsequentTy 
thrown  to  some  extent  trom  their  horizoDUlity,  tipping  in 
all  directions.  The  opened  cracks  and  seams  were  then 
filled  with  the  Cretaceous  clay,  which  is  deposited  between 
these  loosened  masses,  and  sometimes  even  to  the  depth  of 
twenty  feet  below  the  general  surface  of  tbe  top  of  the  rock. 
The  clay  sometimes  occupies  nooks  and  rounded  angles, 
sometimes  sheltered  below  heavy  masses  of  the  Silurian  beds. 
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The  day  is  uniformly  bedded,  about  horizontally,  with  some 
slope  in  accordance  with  the  surface  on  which  the  sedimen- 
taiion  took  place.  But  the  most  interesting  and  important 
feature  is  the  condition  of  these  old  Silurian  mi  faces.  They 
are  rounded  by  the  action  of  water,  evidently  waves;  The 
cayities  and  porous  spots  are  more  deeply  eroded,  making 
little  pits  on  the  face  of  the  rock ;  or  along  the  lines  of  sec- 
tion of  the  sedimentation  planes  with  the  eroded  surface, 
there  are  furiows  due  to  the  greater  effect  of  water.  The 
rounded  surface  of  these  huge  masses  of  Lower  Silurian  is 
coated  with  a  thickness  of  about  a  half  inch,  or  an  inch  and 
a  half,  of  iron  ore,  which  scales  off  easily,  and  is  easily 
broken  by  the  hammer.  While  this  scale  of  iron  ore  is 
thicker  near  the  top  and  on  the  upper  surface  of  the  blocks^ 
yet  it  runs  down  between  the  Cretaceous  clay  and  the  body 
of  the  rock,  so  as  to  prove  its  date  older  than  the  clay.  The 
conclusions  that  must  be  drawn  from  this  observation  are 
about  as  follows : 

1st  The  Silurian  rocks  were  long  weathered,  and  washed 
clean,  even  waterwoan  and  rounded,  at  this  place,  when 
they  went  below  the  Cretaceous  ocean.  Nothing  intervenes 
their  iron-stained  surfaces  and  the  clay. 

Snd.  This  point  seems  to  have  been  on  or  near  the 
ancient  shore  line,  where  the  violence  of  the  waves  was 
great.  These  rounded  knobs  could  not  have  received  their 
coating  of  iron  if  constantly  submerged.  The  iron  indicates 
the  action  oi  atmospheric  gases  on  iron  held  in  solution  in 
water,  as  in  bog  ore  formation. 

3rd.  The  Cretaceous  clay  here,  whatever  be  its  place, 
in  the  Cretaceous  age,  was  deposited  in  a  quiet  ocean. 

4th.  This  bluff,  facing  to  the  south,  or  south-east,  like 
that  at  Mankato,  indicates  the  approach  of  the  Cretaceous 
ocean  from  that  direction,  though  this  may  have  been  only 
a  reef,  or  an  island,  just  before  the  further  submergence. 

5th.  There  may  have  been,  and  was  probably,  a  further 
deposition  of  clay  of  the  Cretaceous  age  which  was  destroy- 
ed and  transported  by  the  Drift  Period,  at  this  place. 

6th.  The  drift  succeeded,  and  was  not  violent  enough 
in  its  forces  to  disturb  these  tilted  and  waterworn  masses 
of  Lower  Silurian  limestone,  so  but  that  their  old  surfaces 
abut  still  unconformably  against  the  Cretaceous  clay. 

7th.  The  Cretaceous  sea  must  have  advanced  slowly 
over  tile  Silurian  rocks.  These  washed  surfaces  could  not 
have  been  produced  when  the  sea  was  retiring,  else  the 
Cretaceous  sea  would  have  washed  out  the  clay.  Further 
the  clay  lies  directly  in  contact  with  these  surfaces. 
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8th.  The  CretaceouB  sea  must  have  gone  further  north 
Bud  east  BO  as  to  deeply  submerge  these  disturbed  masses, 
in  order  to  have  deposited  such  fine  sadimeut  ia  their  crev- 
iees. 

9th.  While  the  washed  surfaces  indicate  a  shore  liae,  or 
a  reef,  the  ctay  proves  deep  submergence. 

10th.  The  Cretaceous  sea  must  havo  retired  rapidly,  so 
as  to  gite  ao  opportunity  to  wash  out  the  olay. 

11th.  These  washed  surfaces  must  hare  been  produced 
as  the  sea  was  advancing. 

12th.  While  it  is  certain  that  the  Cretaceous  sea  ad- 
vanced slowly  on  the  land,  it  is  not  certain  that  it  retired 
rapidly.  The  clay  existing  there  may  have  been  protected 
from  tiie  retiring  shore  waves  by  superimposed  beds  ban- 
dreds  of  feet  thick — such  higher  beds  having  been  subse- 
quently removed  by  the  drift  forces  ;  but  it  is  likely  that 
drift  forces  that  were  able  to  destroy  so  much  Cretaceous, 
would  also  so  have  disturbed  the  Silurian  masses  as  to  leave 
DO  trace  of  the  clay,  or  even  to  have  transported  away  the 
Silurian  masses  themselTes.  Hence  it  is  probable  that 
there  was  but  little  Cretaceous  deposited  over  the  remaio- 
ing  clay,  and  that  the  sea  retired  rapidly. 

The  adjoined  sketches  will  give  a  better  idea  of  the  posi- 
tion of  the  Cretaceous,  with  respect  to  the  Silurian. 

2%e  (Cetaceous  on  the  Lower  Silurian. 


e.    OauwDrUU 
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7%e  Cretaceous  on  the  Silurian. 


1.  BUariui  Bock,  cut  by  (be  grading  of  R.R. 

b.  WsitbandiDrflcsor  BUnrinRock. 

c  CrsUcmm  clsy,  gresnlab  blue,  bcddod. 

d.  Co«i«  Drift. 

On  Sec.  35,  T.  108,  B.  29,  (as  Dearly  as  can  be  made 
out)  ie  an  esposure  of  Cretaceous  Clay.  The  bank  of  the 
flood' plain  of  the  river  is  made  up,  almost  everywhere,  of 
saDdy,  more  or  leas  stratified,  alluvium.  But  here,  al- 
though having  about  the  same  bight,  it  is  made  up  almost 
entirely  of  a  mass  of  large,  water-washed  fragmeats  of  cod- 
glotneiitic  sandstone,  which  lie  in  confusion,  some  having 
bllen  down  into  the  water.  They  are  underlain  by  a  fine 
blue  clay,  without  gravel  or  pebbles,  belonging  to  the  Cre 
taceoDS.  Hence  the  sandstone  or  conglomerate  pieces  are 
not  in  situ,  but  pertain  to  the  drift.  Sometimes  a  layer  of 
driivpebbles  and  cobblp-stones,  about  three  inches  thick, 
separates  them  from  the  clay.  These  large  masses  are  8  or 
18  feet  long,  and  5  or  6  feet  thick,  and  are  scattered  in 
talus  over  the  Cretaceous  clay,  even  into  the  river. 

Dr,  B.  F.  Shumard,  in  his  report  on  the  Minuesota  val- 
ley, has  tnentioned  an  outcrop  of  I''ormation  1,  capped  with 
about  25  feet  of  gray,  concretionary  limestone,  about  two 
miles  below  the  mouth  of  the  Waraju,  and  describes  it  aa 
having  disseminated  crystals  of  calcareous  spar.  His  an- 
alysis shows  it  to  hold  90  per  cent,  of  carbonate  of  lime.  A 
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very  long  search  was  made  for  this  exposure  in  the  season 
ot  1873.  It  could  not  be  found — that  is  to  say,  nothing 
could  be  found  pertaining  to  the  Silurian  rocks.  A  sand- 
stone was  seen  in  outcrop  on  Sec.  16,  T.  109,  B.  29,  on  the 
north  side  of  the  river,  in  Nicollet  county,  quarried  a  little 
by  Wm.-  Fritz,  which  proved  to  pertain  to  the  Cretaceous, 
holding  dicotyledonous  leaves  and  branches.  It  consists  of 
alternating  layers  ot  friable  sand  with  an  gular  shapes,  but 
little  rounded  by  attrition,  and  hard,  cemented  gray  sand- 
stone, which  is  sometimes  coarse  enough  to  be  styjed  con- 
glomeritic.  The  section  here  is  as  follows,  the  upper  mem- 
bers being  somewhat  displaced  by  the  washing  out  of  the 
friable  layers. 

JSection  in   Cretaceous  Sandstone.    Land  oj  Wm.  Fritz. 
Sec.  16,  T.  109,  B.  29,  Mcollet  Co. 

Vo.  1.  Hard,  gray  sandstooe,  mBted  in  the  weather,  and  check- 
ing Into  beds  of  about  four  inches, — sometimes  one  or 
two  Inches 18  In. 

No.  2.    Friable  white  sand lOin. 

No.  8.    One  course  of  gray  sandstone,  of  variable  thickness ....    1-8  ft. 

No.  4.    Whitesand • 6  in. 

No.  5.  Gray  sandstone,  quarrying  out  in  layers  6-10  Inches  thick, 
but  in  the  quarry  appearing  massive ;  very  hard,  the  ce- 
ment appearing  to  be  silica.  It  contains  fragments  of 
wood,  charcoal  and  angiospermous  leaves.  Its  under 
surface  is  undulatory,  its  thickness  varying  firom 8-6  ft. 

No.  6.    White,  Driable  sand,  seen 8  ft. 

This  whole  quarry  lies  perhaps  35  or  40  feet  above  the 
river,  and  40  or  50  rods  from  it.  The  persistency  of  this 
group  of  layers  is  evidenced  along  here  by  their  forming  a 
little  terrace  above  the  bottoms,  which  rises  about  25  feet, 
and  is  visible  for  more  than  a  mile.  Pieces  of  this  stone 
bad  been  seen  at  lower  points  on  the  river,  said  to  have 
been  taken  from  the  beds  in  silu^  but  it  had  been  impossi- 
ble to  find  those  beds.  One  such  place  was  at  Mr.  £• 
Rowe's,  on  Sec.  23,  T.  109,  B.  29,  on  the  south  side  of  the 
river. 

Four  miles  below  New  Ulm,  on  the  south  side  of  the  river, 
is  a  bluff  made  up  of  Cretaceous,  on  the  land  of  John  Grue- 
bel,  as  lollows : 

Section  on  Sec.  2,   T.  109,  B.  30. 

No.  1.    Blackallnviom • Sft. 

Passing  below  into— 
No.  8.    Clayey  aUnvinm,  of  a  light-brown  color 41ft 


UNIVEBSITT   OP  MmNBSOTA.  183 

Ko.  8.    Bed  clay,  containlog  some  sandstone  In  masses ;  stratified     2i  ft. 

No.  4.    Belt  of  greenish,  sandy  clay 1ft. 

#     Passing  into — 

No.  5.    Sandy  elay,  of  a  light  umber  color lib  ft. 

No.  6.    Bedded  sandy  clay,  of  an  earth  color,  (same  as  No.  2) . .      2  ft. 

No.  7.  Greenish  sand,  the  color  coming  f^om  the  mlxtnre  of 
green  shale  with  the  sand,  the  grains  of  sand  being  white 
qnartz 2  in. 

No.  8.    White  sandstone,  in  one  bed,  or  weathering  into  beds  of 

two  inches 1  ft. 

No.  9.  Green  bedded  shale,  or  clay,  with  some  fine  sand  grains, 
and  some  laminations  or  thlclc  beds  that  are  all  white 
sand,  bnt  generally  maintaining  a  green  color,  seen 18  ft. 

No.10.    Slope  and  taltts 10ft. 

The  bedding  seen  in  the  foregoing  section  is  horizontal, 
and  shows  no  fossils.  Although  there  is  no  opportunity  at 
this  place  to  determine  whether  this  series  of  shales  lies 
above  or  below  the  sandstone  at  Fritz's,  by  an  observation 
made  in  the  bank  of  the  road  at  the  crossing  of  the  Waraju, 
it  is  believed  to  overlie  that  sandstone,  but  to  underlie  a 
series  of  calcareous  beds  that  appear  in  the  right  bank  of  the 
river,  about  a  mile  below  the  mouth  of  the  Waraju.  The 
colors  near  the  top  of  the  foregoing  section  exchange  places 
a  little,  in  following  the  bluff  along,  drift  bouldets  and 
gravel  occupying  the  place  of  clay,  in  No.  3.  In  some 
places  the  red,  irony  stain  passes  down  lower.  It  is  likely 
that  the  red,  brown  and  ochery  colors  are  due  to  ferriferous 
waters,  since  the  deposit  of  the  Cretaceous,  and  to  oxygen  in 
the  air.  Hence  it  is  not  certain  that  the  drift  extends  through 
the  whole  of  No.  3,iilthough  drift  boulders  are  mixed  with 
it,  or  replace  it,  in  some  places.  When  evenly  bedded  and 
free  from  boulders,  it  undoubtedly  belongs  to  the  Cretaceous, 
the  drift  stopping  with  No.  2.  When  it  is  replaced  by 
boulders,  the  Cretaceous  is  only  so  much  the  more  worn 
awby,  the  color  pervading  them,  or  passing  down  to  lower 
beds. 

From  the  mouth  of  the  Waraju  going  down  the  right 
bank  of  the  Minnesota,  a  regular  terrace  is  seen  to  rise  sev- 
eral feet  above  the  flood  plain.  About  a  mile  down,  this 
terrace  shows  its  origin  and  composition,  in  the  banks  of  a 
ravine  which  cuts  it.  (See  map  of  this  locality,  page  157.) 
Before  reaching  that  point,  however,  an  outcrop  of  **  gray 
concretionary  limestone  "  is  seen  on  the  top  of  the  terrace 
plateau.  This  limestone  here  is  overlain  by  a  couple  of 
feet  ot  water-washed  limestone,  gravel  and  cobble-stones, 
mixed  toward  the  top  with  the  uc^ual  black  alluviuni.  The 
appearance  of  the  quarried  stone  is  like  drift  pieces,  and  the 
bed  from  which  it  is  taken  is    intersected    variously  with 
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divisional  planes,  cutting  the  mass  into  irregular  fragments, 
which,  on  being  taken  oot,  appear  weathered.  Yet  there 
are  cryatal-Iined  cavitiea,  some  parts  of  it  Jbeing  mfistlj 
made  np  of  calc-spar.  Since  the  formation  of  the  crystals, 
calcareous  water  Ims  again  deposited  lime  on  the  edges  of 
the  crystals,  which,  haying  first  been  of  the  thin  (axe- 
shaped)  Tariety,  have  now  the  appearance  of  separate  bat 
crowded  cock's  combs,  the  little,  beaded  accretions  of  lime 
being  arranged  on  their  edges.  There  is  also  a  consider- 
able quantity  of  nncrystallized  lime  on  other  surfaces.  The 
interior  of  the  stone  is  of  a  light  gray  <^  drab  color, 
and  when  compact  and  free  from  crystals,  is  very  fine 
grained.  It  is  said  to  make  a  white,  strong  quicklime,  of 
which  there  can  be  no  doubt.  This  limestone  outcrop,  which 
shows  only  about  16  inches,  is  within  a  mile  of  the  red 
quartzite  outcrop  near  New  Ulm,  the  bare,  bald  surfaces  of 
which  are  yisible,  from  this  point,  on  the  other  side  of  the 
Minnesota. 

A  little  below  the  last  described  exposure,  is  Mr.  Wm. 
Winkelmann's  lime-kiln  and  quarry.  The  stone  here 
burned  is  in  the  same  horizon,  and  comes  from  the  banks  of 
a  rayiiie  that  here  enters  the  Minnesota.  The  limestone  is 
much  mixed,  confusedly,  with  shale,  but  the  following  gen- 
eral section  can  be  made  out,  in  which  no  fossils  were  seen  i 

Section  al  Wm,  Winkelfnann%  near  New  Ulm^  in  Brown 

County. 

No.  1.    AllQTliun  and  boulders 2  ft. 

Ko.  S.  Green  shale,  interstrstifled  with  belts  and  irregular  no- 
dules or  masses  of  gray  limestone 15  ft. 

No.  8.    Green  shale 1  ft. 

No.  4.    White  sand,  varying  to  green  shale 14  It. 

No.  5.    Green  clay* 8  ft. 

No.  6.  Calcareous  shale,  or  marl,  with  some  argillaceoos  matter  5  It. 

No.  7.    Green  shale,  or  day,  with  blotches  of  red,  seen 1  ft. 

Total 25i  ft. 

The  same  kind  of  greenish  marl  is  exposed  up  the  Wara 
ju,  the  immediate  bluffs  being  somewhat  wrought  in  it,  to  a 
point  just  back  of  New  Ulm,  where  the  bank  is  opened  by 
Mr.  Winkelmann  for  laying  pipes  to  supply  his  machinery 
and  brick-yard.  The  trench  which  he  has  dug  passes 
through  it  just  before  reaching  the  bank  of  the  Waraju  river. 
The  flat  on  which  New  Ulm  stands  seems  to  be  made  ut>  by 
a  terrace  wrought  in  the  Cretaceous.  The  surface  of  this 
flat  is  strewn  with  boulders. 
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Another  creek  joins  the  Minnesota  nearly  opposite  the 
mouth  of  the  Waraju,  and  also  affords  such  exposures  of  the 
Cretaceous  limestone  as  to  invite  the  construction  of  lime- 
kilns. The  sections  here  seen  are  not  so  favorable  as  that 
of  Mr.  Wiukelmann,  and  contain  more  shale,  some  of  which 
Bhows  also  a  red  color.  In  the  shale  are  crystals  of  selenite ; 
expobcd  ten  feet.  The  kilns  at  this  place  are  owned  by 
John  Heiman  and  Francis  Baasen. 

On  the  Warsju,  about  three  miles  from  New  Ulm,  Mr. 
Ghribtian  Daulleubach  has  established  a  manufactory  of  fire- 
brick. He  obtains  the  material  from  the  left  bank  of  the 
rive  r,  where  the  Cretaceous  affords  the  following  section : 

Section  in  Cretaceous  on  the  Waraju  Diver: 

No.  1.    Hardpan  drift,  made  up  of  clay  and  stones,  seen  about. ..  80  ft. 

No.  2.  White  sand,  the  age  of  which  Is  onceitain,  containing 
irony  concrftions  and  deposits.  It  is  somewhat  indis- 
tinctly stratified  obliquely,  like  drift  sand,  and  has  some 
coarse  grains.  Its  position  in  reference  to  the  overlying 
hardpan  drift,  together  with  its  thiclLness  and  purely 
white  color,  indicaies  Its  age  to  be  Cretaceous 100  ft. 

Vo.  8.  Blue  clay,  conraiuing  some  siliceo-calcareous,  irony 
lumps ;  said  by  Mr.  Dtiuffeiibach  to  hold  some  coal,  mixed 
with  No.  4  for  mailing  fire- brick 4  A. 

Vo.  4.  Sandy  marl,  probably  largely  aluminous,  pronounced  a 
silicate  of  magnesia  by  ihe  chemist  of  the  Agricultural 
Department  at  Washington.  It  is  white,  and  when  long 
submerged,  soft  and  fluid-like,  but  when  dry  has  to  be 
quarried  by  blsHting.  Thl8,  mixed  at  the  rate  of  two- 
third<*,  witkone-tliiril  of  No.  8,  makes  a  flue  white,  fire- 
brick—been: 12  ft. 


Total  hight  of  bluff. 146  ft. 

The  above  section  varies  in  short  intervals.  In  connec* 
iioD  with  others  seen  at  New  Ulm,  it  shows  how  careful 
geologists  mubt  be  iu  attributing  to  drift  all  that  is  found 
before  striking  the  indurated  rock. 

Under  the  guidance  of  Mr.  Dauffenbaoh,  about  half  a 
mile  further  up  the  river,  a  sandstone  outcrop  was  encoun- 
tered. It  rises  in  a  bluff  immediately  from  the  water,  oi> 
the  opposite  side  of  the  river.  In  this  sandstone,  which 
here  appears  fiim  and  massive,  and  which  is  probably  the 
equivalent  of  Mo.  2,  of  the  foregoing  section,  are  many 
irony  mud  balls,  or  concretions,  having  a  fancied  resem* 
blance  to  plums  or  bananas.  They  vary  in  shape  and  size* 
They  have  been  gathered  as  fossil  **  fruits,"  and  sent  east  aa 
rare  curiosities. 

24 
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The  general  section  of  the  Cretaceoas  at  New  Ulm,  is  at 
follows : 

9o.  1.    Drift,  graTel  sod  boalders,  with  a  sarface-loom  in 

some  places,  or  largeij  made  op  of  sand 10  to  20  ft. 

9o.  3.    Fine  clay,  bine,  bedded,  weathertag  white,  used  for 

potteiyor  brick 4tolOft. 

Ho.  $.  Saod  or  floe  grarel,  aot  cemented,  readily  cnimbllDg, 
coDtaiDlng  mitgoeslaa  balls,  or  rounded  lomps  made 
np  of  a  fine  white  powder^seen 20  to  80  ft. 

Thd  conspicuoas  Cretaceous  terrace  that  occars  along  the 
Minnesota  at  New  Ulm,  is  due  to  this  fine  cnimhiing  sand, 
OTerlain  by  a  more  tenacious  clay  or  shale.  The  varying 
composition  of  the  Cretaceous  makes  it  difficult  to  establish 
the  hoiizontality  of  different  outcrops,  but  there  cannot  be 
much  doubt  that  No.  3  above  is  the  equivalent  of  No.  2  of 
the  section  on  the  Waraju. 

In  the  southwestern  part  of  T.  110»  R.  3l»  is  another  im- 
portant exposure  of  the  Cretaceous.  It  is  in  the  banks  of 
the  Waraju,  and  consists  of  blue  clay,  and  is  used  b^  the 
potters  both  at  Mankato  and  New  Ulm.  That  which  is 
most  highly  esteemed  is  taken  from  the  right  bank  about 
40  feet  above  the  river.  It  contains  no  gravel,  nor  any 
perceptible  grit.     It  is  owned  by  Silas  Barnard. 

A  trial  was  made  by  Mr.  H.  B.-  Kaufer,  potter  at  Man- 
kato,  of  a  clay  outcrop  on  the  other  side  of  the  river,  about 
a  quarter  of  a  mile  further  up.  Although  this  is  about  the 
same  altitude  above  the  river,  and  has  cutwardly  the  same 
general  color  and  character,  it  is  said  to  have  proved  unfit 
for  potter's  use,  owing  to  the  occurrence  of  small,  black, 
hard,  roughened  pebbles,  that  can  be  broken  only  with 
great  pressure,  called  **  sulphur  balls."  These  small  specks 
weather  black,  and  are  doubtless  composed  of  crystalline 
aulphuret  of  iron. 

At  Sleepy  Eye,  T.  110,  B.  32,  the  Winona  and  St.  Peter 
R.  B.  Company  are  sinking  a  well  for  artesian  water.  At 
the  depth  of  143  feet  the  drill  had  passed  through  the  fol- 
lowing sectiou : 

Black  loam 6  or  6  feet. 

Gravelly,  browD  clay 20  feet. 

Q  ravel  ly,  bine  clay • 115  feet. 

Soft,  pQlpy*  blue  clay,  that  oecessitated  the  tobios 

of  the  well • 8  feet. 

Totaldepth 148  feet 

In  sinking  a  former  drill,  a  pocket  of  coal  was  met  in  the 
gravelly  I  blue  day,  at  the  depth  of  75  or  80  feet. 
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The  Cretaceous  again  occurs  in  the  banks  of  Little  Bock 
creek*  near  Fort  Bidgely,  and  was  at  one  time  explored 
there  for  coal. 

At  a  point  two  miles  below  the  Lower  Sioux  Agency »  Sec. 
lOt  T.  112«  R.  34,  on  the  north  side  of  the  Minnesota,  a 
small  creek  joins  the  river.  Up  this  creek,  about  three- 
quarters  of  a  mile  from  the  river  bluffs,  the  Cretaceous 
appears  in  its  banks.  A  concretionary  marl,  or  apparently 
limy  earth,  of  a  white  color,  crumbles  out  under  the  pro- 
jecting turt.  It  appears  in  fragments  of  an  inch  or  two,  or 
sometimes  larger,  with  angular  outline.  The  surfaces  of 
these  pieces  show  a  great  number  of  round  or  oval  spots,  or 
rings,  which  seem  to  be  formed  by  the  sections  of  concre- 
tions inclosed  in  the  mass.  It  is  rather  hard  when  dry,  and 
nearly  white.  It  is  associated  with  a  blue  clay,  the  relations 
of  which  cannot  here  be  made  out. 

At  a  point  a  little  further  up  this  creek  appears  a  heavy 
deposit  of  concretionary,  rusty  marl,  or  ferro -calcareous 
substance,  the  exact  composition  and  proper  name  of  which 
it  is  impossible  to  give,  before  it  has  been  chemically 
examined.  It  is  in  heavy  beds,  that  fall  off  in  large  frag- 
ments, like  rock.  The  first  impression  is  that  the  bluff  is 
composed  of  ferruginous  conglomerate,  but  there  is  not  a 
foreign  pebble  in  it.  Every  little  round  mass  has  a  thin 
shell  which  is  easily  broken,  revealing  either  a  cavity  or  a 
loose,  dry  earth.  These  concretions  are  generally  not  more 
than  1-4  or  1-2  inch  in  diameter ;  seen  18  feet.  Under  this 
IB  the  light,  concretionary  clay  or  marl  already  described. 

At  the  Lower  Agency  an  exposure  of  the  Cretaceous  oc- 
curs in  the  road,  seen  in  descending  to  the  ferry.  It  con- 
sists of  a  sandy  marl.    Beds  horizontal,  or  nearly  so. 

In  the  banks  of  Crow  Creek,  which  enters  the  Minnesota 
3}  miles  below  Bed  wood  Fails,  the  Cretaceous  beds  are  car- 
bonaceous, and  have  been  considerably  explored  for  coal, 
on  the  land  of  George  Johnson.  In  1871,  Wm.  H.  Grant, 
of  St.  Paul,  entered  upon  a  systematic  examination  of  these 
layers,  drifting  into  the  gide  of  the  ravine  200  or  250  feet. 
This  work  is  said  to  have  cost  about  $2,000.  A  similar 
«*  coal  mine"  was  opened  in  the  banks  of  the  Bedwood,  near 
Sedwood  Falls,  where  $5,000  are  said  to  have  been  expend- 
ed in  a  like  fruitless  attempt.  This  coal  is  from  one  of 
those  layers  in  the  Cretaceous  that  are  usually  known  as 
lignites.  It  is  earthy,  passing  sometimes  into  a  good  can- 
ael  coal»  or  into  a  bituminous  clay.  The  compact  cannel  coal 
IB  in  detached  lumps,  and  occurs  throughout  a  band  of 
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about  font  feet  in  thiokness.  This  Iignitic  band  was  fol* 
lowed  in  drifting  into  the  bank  of  Crow  Creek«  and  wa» 
found  to  divide  by  iuterstratification  with  black  clay,  show* 
ing  some  leafy  impressions  and  pieces  of  charcoal. 

The  **  coal"  here  is  said  to  overlie  a  bed  of  lumpy,  concre- 
tionary marly  similar  to  that  described  at  two  miles  below 
the  Lower  Agency,  or  two  and  a  half  miles  below  Birck 
Coolie.  In  some  of  the  concretions  are  small  shining  hall» 
of  pyrites,  which  the  workmen  treasured  up  as  goid.  Over 
the  **  coal"  is  a  blue  clay,  requiring  a  timbered  roof  in  the 
tunnel.  This  clay  is  likewise  Cretaceous^  The  underlying 
lumpy  or  concretionary  white  marl  becomes  siliceous,  or 
even  arenaceous,  the  concretions  appearing  more  like  chert. 
Some  of  it  is  also  pebbly,  showing  the  action  of  water  cur- 
rents. 

The  same  Iignitic  coal  occurs  near  Mr.  Johnson's,  on  th» 
land  ot  Hugh  Curry,  Wm.  H.  Cornel!,  E.  O.  King  and  Mr. 
Riker's,  in  the  little  ravines  that  enter  the  Minnesota,  the 
exposures  being  kept  fresh  by  the  freshet  waters.  More 
or  less  exploring  and  drilling,  besides  that  done  by  Mr. 
Grant,  has  been  engaged  in,  m  this  vicinity,  but  never  with 
any  better  success. 

Near  Redwood  Falls,  on  land  of  Mr.  Birney  Flinn,  i» 
another  outcrop  of  carbonaceous  deposit  in  the  Cretaceous. 
This  is  seen  in  the  left  bank  of  the  Redwood  river.  It  is  in 
the  form  of  a  black  bedded  clay  or  shale,  five  or  six  feet 
thick,  more  or  less  mingled  with  charcoal  and  ashes,  the 
whole  passing  below  into  charcoal  fragments  mixed  with  the 
same  ash-like  substance.  In  the  latter  are  sometimes  large 
pieces  of  fine,  black,  very  compact  coal,  the  same  as  that 
already  spoken  of  at  Crow  Creek,  as  oannel  coal.  These 
masses  show  sometimes  what  appears  to  the  eye  to  be  fine 
woody  fiber,  as  if  they,  too,  were  simply  charred  wood. 
Further  examination  will  be  needed  to  determine  their  ori- 
gin and  nature.  They  constitute  the  only  really  valuable 
portions  ot  the  bed,  the  light  charcoal,  which  everywhere 
shows  the  distinct  woody  fiber,  being  generally  mixed  with 
the  light  ashy  substance,  and  in  a  state  of  fine  sub Jivisioa. 

A  short  distance  above  Mr.  Flynn*s  land  is  that  of  Oeorge 
Houghton,  where  the  Redwood  Falls  Coal  Mine  was  opened. 

This  mine  consists  of  a  dritt  into  the  blufl,  forty  feet, 
following  a  lignite,  or  charcoal  bed  in  the  Cretaceous.  The 
bed  here  is  seven  feet  thick,  the  greater  part  ot  it  being 
made  up  of  black,  bedded  shale  or  clay,  though  Mr.  FlyDQ 
is  authority  for  the  statement  that  it  showed  a  great  deal 
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more  of  the  real  charcoal  than  any  other  point  discovered. 
Some  fragments  that  lay  near  the  opening,  contained  about 
nine  parts  of  light  charcoal  to  one  of  ash,  the  whole  very 
slightly  cemented,  and  so  frail  as  to  hardly  endure  trans- 
portation. In  this  drift  were  also  numerous  pieces  of  what 
is  described  by  the  owners  both  here  and  at  Crow  Creek, 
as  **  stone  coal.'*  It  is  the  same  as  that  mentioned  as  prob- 
ably a  cannel  coal,  occurring  at  Crow  Creek.  It  is  these 
harder  lumps  that  is  found  scattered  in  the  drift  throughout 
the  southwestern  part  of  the  State,  so  often  mentioned  in 
4he  newspapers. 

Up  a  little  creek  that  comes  into  the  Yellow  Medicine 
river  froni  the  south,  near  the  village,  is  an  exposure  of  fine 
stratified  blue  clay  that  weathers  to  a  yellowish  color.  It 
has  a  thickness  of  at  least  ten  or  fitteen  feet. 

At  a  point  six  miles  below  Montevideo,  on  the  north  side 
oi  the  Minnesota,  there  is  a  terrace  within  the  main  river 
bluffs,  extending  along  the  river  for  three  miles  at  least» 
on  which  there  is  a  wide  plateau.  This  terrace  rises  45  or 
50  feet  above  the  water,  the  flood  plain  being  about  12  feet. 
On  examining  for  the  cause  of  this  terrace,  the  only  indur- 
ated rock  found  was  in  a  little  point  that  {uts  out  toward 
the  river  about  on  a  level  with  the  top  of  the  terrace ;  and 
that  consists  of  granite,  overstrewn  with  boulders.  The 
terrace,  however,  is  probably  not  due  to  underlying  gran- 
ite, for  the  surface  oi  granite  would  not  be  so  nearly  level 
as  to  give  the  uniformity  and  regularity  of  outline  here  seen. 
It  is  more  likely  that  Cretaceous  rock,  of  a  fragile  and 
crumbling  chai-acter,  is  concerned  in  giving  form  to  this 
terrace,  as  has  been  seen  in  a  number  of  other  cases. 

A  mile  further  up  the  river,  this  bench  shows  a  fresh 
section  down  to  the  water  level.  In  general,  the  whole  con- 
sists of  fine  sand,  in  which  swallows  burrow  and  breed.  It 
stands,  however,  in  nearly  perpendicular  walls,  something 
like  the  «*bluff."  Yet  it  is  not  the  hluf^  because  it  is  too 
fine,  has  no  shells  nor  pebbles,  and  is  stratified.  It  also 
becomes  a  bright  blue  color  near  the  water  level,  and  shows 
a  stickey,  clayey  consistency,  indicating  a  good  material  for 
brick.  It  cannot  be  of  the  same  date  and  origin  as  the  blujf^ 
-since  it  is  an  isolated  instance  of  the  occurrence  of  such  beds 
jilong  the  Minnesota  valley.  It  has  very  much  the  charac- 
ter of  a  late  alluvial  deposit,  but  rises  too  high  to  be  of  the 
same  date  as  the  flood-plain  of  the  river.  It  is  throughout 
mtdnly  sand.  The  sedimentation  is  not  always  horizontal^ 
if  the  individual  layers  be  regarded  separatelyt  but  it  is  if 
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taken  collectively.  There  is  a  wave-like  arrangement  or 
anastomosing  of  layers ;  some  are  quite  oblique  and  cross- 
bedded.  In  some  parts  of  the  upper  25  feet  there  is  a  rusti- 
ness,  confined  to  certain  thin  beds,  which  makes  them  adhera 
in  masses  after  falling  out  of  the  bluff,  and  at  a  distance 
have  something  of  the  appearance  of  sandi:ock.  These, 
however,  crush  down  at  once  under  the  hammer,  or  even 
in  the  fingers.  While  this  deposit  has  very  much  the 
aspect  of  fine  drift,  its  occurrencel  here  in  the  form  of  8 
wide,  continous  plateau,  rising  nearly  fifty  feet  above  the 
water,  makes  it  very  probable  that  it  belons:s  to  the  Cre- 
taceous, although  it  diffei*s  from  any  rock  of  that  age  before 
seen. 

About  half  a  mile,  a  little  west  o!  south  from  the  stage 
station  at  the  head  of  Big  Stone  Lake,  in  Dacotah,  an  ex- 
posure of  Cretaceous  occurs  in  the  right  bank  of  the  upper 
Minnesota.  It  shows  superficially  only  a  weathered,  sliding 
talus  of  shale,  which  is  black  and  somewhat  slaty,  but  which 
on  digging  becomes  moister  and  soft  and  somewhat  fleziblet 
yet  parting  into  small  chips.  Over  the  surface  of  the  ground, 
where  this  shale  outcrops,  the  turt  is  prevented  from  grow- 
ing, and  two  conspicuous  objects,  weathered  out  from  the 
shale,  are  seen.  1st.  Little  aogular  crystals  of  pure  gyp- 
sum, the  largest  seen  weighing  not  over  halt  a  pound.  2d. 
Little  angular  bits  of  yellowish  red  ochre,  that  are  hard  and 
ihin,  but  can  be  cut  with  a  knife.  There  is  also  an  occa- 
sional piece  of  brecciated,  clayey,  or  at  least  aluminous  rock, 
the  cracks  and  surfaces  of  which  are  filled  and  coated  with 
crystals  of  calc-spar.  When  broken  by  the  hammer,  these 
part  along  the  numerous  planes  that  on  either  side  are  lined 
by  this  calc-spar,  and  each  fragment  is  entire,  appearing 
itself  a  mass  of  calcite.  It  is  only  by  several  attempts  that 
a  view  of  the  interior,  on  which  these  coatings  are  formed, 
can  be  obtained.  The  thickuess  of  this  shale  bed  cannot  be 
ascertained.  The  angular  bits  of  ochre  are  most  numerous 
near  the  top,  where  the  drift  supervenes,  but  the  gypsum 
crystals  are  scattered  over  the  whole  outcrop.  The  indica- 
tions are  that  the  gypsum  and  ochre  are  embraced  within 
the  shale,  and  become  superficial  by  weathering.  The 
whole  may  be  twenty-five  feet  thick. 

This  shale  bed  is  the  cause  of  a  terrace  in  the  descent 
from  the  high  prairie,  and  of  numerous  springs  that  issue 
below  the  drift,  about  sixty  feet  below  the  prairie  level. 
These  springs  excavate  narrow  ravines  and  **  gulches  *  in 
the  shale,  the  whole  being  smoothly  turfed  over,  except  At 
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the  point  above  described.  These  alternating  gulches,  and 
the  intervening  short  pieces  of  the  remaining  terrace,  make 
the  bluff  in  general  appear  hilly,  in  its  ascent  from  the  bot- 
tom-land. These  ravines,  in  the  wet  season  of  the  year,  are 
very  soft,  and  since  they  appear  practicable  tor  a  horse,  are 
the  cause  of  many  misfortunes  to  the  traveler.  Many  such 
treacherous,  springy  places  are  described  as  occurring  along 
the  shores  of  lake  Travers,  at  some  elevation  above  the . 
waters  of  the  lake.  The  same  rolling  ascent  from  the  bot- 
tom-land to  the  high  prairie  can  be  seen  also  at  the  head  of 
Big  Stone  Lake,  on  the  Minnesota  side,  and  it  is  there 
doubtless,  due  to  the  same  cause. 

Oeneral  Section  of  the  Cretaceous  in  Southwestern  Minnesota. 

The  limited  observations  that  have  been  made  on  the  Cre- 
taceous in  Minnesota,  will  not  warrant  a  conclusion  on  the 
alternation  of  parts  described  in  the  foregoing  account  of  the 
Minnesota  valley.  The  beds  are  nearly  horizontal  every- 
where seen,  a  fact  which  maftes  it  necessary  to  pass  over 
long  intervals  bflore  looking  for  a  change  in  the  observed 
horizon.  While  this  simplifies  the  problem,  it  leaves  out  of 
the  account  the  possible  changes  that  may  exist  in  the  char- 
acter of  the  sedimentation  on  any  geological  horizon,  and 
introduces  an  element  of  uncertainty  in  any  attempt  to  gen- 
eralize the  rocks  of  the  Cretaceous.  Future  observations 
made  in  detail  in  the  various  counties  crossed  by  the  Minne- 
sota and  its  tributary  valleys,  will  throw  ^ery  much  light  on 
the  question  of  the  supposition  ot  the  outcropping  members 
that  have  been  seen  thr^  past  season.  Tbe  following  arrange- 
ment is  altogether  provisional,  and  is  intended  to  express 
such  superposition  as  seems  to  be  correct,  in  the  light  of  the 
information  now  at  hand. 

In  descending  order. 

1.  Shale  holding  gypsum.    Big  Stone  Lake. 

2.  Clay  and  lignite  clay.    Cruw  Creek  and  Redwood  Falls. 
a.    Concretionary  marl.     Sec.  10,  T.  112,  R.  84. 

4.  Potter'tt  clay.    N«rw  Ulm  and  T.  110,  K.  SI. 

6.  Daaffeubach'tf  fire-brick  section.  Waraju  river,  (perhaps  the  sand- 
siooe  heen  near  Ked  Jacket  Mills,  and  at  Garden  City,  belongs 
here,  (p.  188.) 

6.  Limeatouis  and  shale.  -  Wlnkelmann's  qaarry,  near  the  moath  of 

the  Wamju  river. 

7.  Sandy  shale.    Grut^bel's  section,  Sec.  2,  T.  109,  R.  80. 

5.  Sandstone.    Fritz's  qaarry.  Sec  16,  T.  109,  U.  29. 
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(k)     The  Drifts  and  the  general  Topography  of  the  Valley. 

Southwestern  Minnesota  is  characterized  by  extensive  drift 
deposits.  They  are  spread  so  evenly  over  the  whole  country, 
that  to  the  eye  ot  the  traveler,  there  are  but  few  important 
variations  from  a  dead  flat.  One  vast  plain  seems  to  spread 
out  on  all  sides.  The  view  is  only  obstructed  by  the  nar- 
row timber  belts  that  skirt  the  valleys  of  streams,  or  by  the 
dim  haze  in  which  the  horizon  is  itself  lost  to  sight.  There 
are  minor  irregularities  of  surface  due  to  the  occurrence  of 
gravelly  knolls,  and  to  the  erosion  wrought  in  the  surface 
by  streams  of  water,  but  these  do  not  affect  materially  the 
general  flatness  of  the  whole  region. 

The  general  composition  of  the  drift  is  such  as  to  prove 
its  origin  to  have  been  due  to  glaciers.  By  far  the  largest 
part  consists  of  **  blue  clay,"  the  surface  of  which  is  weath- 
ered to  a  yellowish  brown  to  the  depth  of  15  or  20  feet. 
This  contains  gravel  stones  and  boulders,  yet  it  is  nearly, 
and  often  quite,  impervious  to  water.  There  are  places, 
especially  along  the  immediate  valleys  of  the  principal  drain- 
age  courses,  in  which  the  drift  shows  a  very  sandy  and 
gravelly  composition,  the  sand  and  gravel  being  deposited 
in  oblique  and  vanishing  layers,  often  to  the  depth  of  over 
fifty  feet.  This  character  is  very  com  non  along  the  Min- 
nesota from  Mendota  to  Mankato.  In  this  case  the  main 
bluffs  of  the  river,  constituting  the  principal,  and  the  first, 
descent  from  the  prairie  level,  are  made  up  of  such  strati- 
fied deposits,  but  at  a  short  distance  from  the  river  valley, 
in  either  direction,  the  typical  unmodified  glacier  drift  re- 
turns with  its  full  development. 

Besides  these  instances  of  stratified  gravel  and  sand  in 
the  drift  along  the  immediate  river  valleys,  isolated  knolls, 
or  clusters  of  knolls,  composed  of  the  same  materials,  are 
sometimes  seen  rising  boldly  and  conspicuously  from  the 
midst  ot  the  level  prairie,  reaching  all  bights  up  to  a  hun- 
dred feet  or  more.  Such  knolls  are  sometimes  feriiferous, 
and  the  gravel  is  hardly  cemented,  making  a  crag,  with 
lumps  of  impure  bog-ore.  This  ore  is  not  now  properly  a 
bog-ore,  since  it  lies  on  the  sides  of  gravel  knolU,  one  or 
two  hundred  feet  high,  (as  on  the  Maple  river,  near  the  Red 
Jacket  Mills,)  but  it  is  probably  a  brown  UaemUite.  It  is 
very  siliceous  and  not  likely  to  be  of  economical  value. 
These  gravel  knolls  are  sometimes  very  stony,  with  north- 
ern boulders.  Instances  of  such  gravelly,  rolliog  tracts, 
sometimes  of  large  extent,  were  noted  in  the  reoonaoissanoe 
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made  the  past  season,  as  follows:  A  belt  of  gravelly 
knolls  runs  from  the  southeast  part  of  Faribault  county,  to 
about  the  center  of  the  same.  South  from  Lura  it  may  be 
seen  across  the  treeless  prairie,  and  is  scantily  wooded.  It 
furnishes  the  only  stone  useful  for  building  or  for  founda- 
tions, in  the  form  of  northern  boulders,  that  can  be  found 
throughout  a  wide  extent  of  country.  This  gravel  belt  rises 
considerably  higher  than  the  village  of  Wells,  and  probably 
gives  source  and  head  to  the  artesian  overflow  of  water  that 
there  exists.  These  artesian  wells  are  115  feet  deep,  and 
passed  through  *<  blue  clay."  In  about  the  center  of  T* 
110,  B.  32,  is  a  gravelly  ridge  or  succession  of  drift  knolls, 
running  NNW.,  showing  boulders  on  the  surface.  The 
country  about  is  flat  and  prairie  like,  covered  with  the  hard- 
pan,  glacier  drift,  and  these  knolls  are  quite  a  relief  to  the 
eye.  One  can  hardly  resist  the  conviction  that  rock  in 
situ  must  occur  somewhere  exposed  in  these  knolls,  and  it 
is  only  after  a  lengthy  examination  that  their  true  character 
is  established.  This  ridge  runs  about  a  mile  east  of  Sleepy 
Eye  village,  and  the  separate  knolls  rise  25-40  feet.  They 
lie  about  on  the  strike  of  the  red  quartzite  from  New  Ulm. 
The  eastern  ascent  of  the  Coteau  des  Prairies  enters  Min- 
nesota from  the  NW.,  in  the  southwestern  part  of  Yellow 
Medicine  county.  East  of  this  ascent  about  ten  miles  is  a 
range  of  gravel  hills  running  nearly  N.  and  S.  .known  at  their 
southern  extremity  as  the  *<  Cobble  Knolls,''  and  at  their 
northern  as  the  **  Antelope  Hills."  They  are  composed,  as 
their  name  indicates,  of  drift.  They  have  a  general  exten- 
sion N.  and  S.,  but  yet  they  occur  in  clusters.  Some  are 
quite  sharp  and  abrupt.  They  rise  from  125  to  200  feet 
above  the  surrounding  prairie.  They  are  smoothly  rounded 
on  their  summits,  and  overstrewn  with  stones  and  boulders- 
the  latter  showing  frequent  glacial  surfaces,  even  on  the  top, 
The  s:rass  and  weeds  are  short.  The  soil  is  thin.  Little 
gravel  stones  almost  cover  the  surface.  The  knolls  them- 
selves consist  largely,  without  doubt,  of  stratified  gravel 
and  sand,  like  a  great  many  others  that  have  been  seen  in 
different  parts  of  the  drift  latitudes,  ( GeoL  of  lowa^  1870, 
Vol.  l,j).  99;  Geological  Survey  oj  Ohio^  under  Hardin, 
Allen,  Delaware  and  Anglsize  counties;  Proceedings  of  the 
American  Association f  1872,^.  164.) 

They  can  be  seen  to  extend  six  or  eight  miles,  and  per- 
haps are  traceable  further  than  that  distance.     From  their 
tops  a  magnificent  view  of  the  prairies  on  all  sides,  and  of 
the  Coteau  toward  the  west,  can  t>e  had.    A  similar  range 
25 
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of  drift  knolls,  but  much  smaller,  was  seen  about  six  miles 
east  of  this  range,  running  also  in  the  direction  N.  and  S* 
For  reasons  that  cannot  be  here  enumerated,  these  gravel 
ridges  are  believed  to  mark  the  location  of  the  strike  of  dif* 
fereut  formations  of  rock,  which,  with  each  other,  formed 
such  inequalities  in  the  surface  passed  over  by  the  great 
glacier  as  to  fracture  the  ice  profoundly.  The  streams  of 
water  that  entered  and  ran  through  such  cravasses  were  suf- 
ficiently powerful  to  wash  out  the  clayey  portions  of  the 
driit,  Bfid  to  arrange  the  coarser  in  various  stratification. 
After  the  withdrawal  of  the  ice,  the  ridges  of  gravel  mark 
the  general  location  of  such  glacial  streams.  These  must 
not  be  confounded  with  other  drift  ridges  that  accumulated 
about  the  borders  of  the  ice  field,  known  as  moraines,  of 
which  the  Coteau  des  Prairies  seems  to  be  a  stupendous  ex- 
ample. This  remarkable  topographical  phenomenon  was 
visited  at  the  point  where  the  Winona  and  St.  Peter  R.B. 
meets  it.  The  country  Irom  Lac  qui -Parle  to  that  place  is 
of  the  same  general  character  as  the  rest  of  Southwestern 
Minnesota,  but  is  perhaps  freer  from  sloughs  and  impassa- 
ble places  than  the  country  in  the  region  of  the  Silurian 
rock.  It  is  mostly  entirely  destitute  of  timber.  The  Lao- 
qui-Parle  and  its  tributaries  are  wooded  a  few  miles  from 
the  Minnesota,  but  very  sparsely.  The  timber  entirely 
disappears  before  reaching  the  state  line.  The  soil  shows 
in  dessicated  places  the  color  of  the  alkaline  deposit  com- 
mon on  the  western  plains,  becoming  more  and  more  abun- 
dant toward  the  west.  There  is  not,  enough,  however,  in 
this  direction  within  the  state  of  Minnesota  to  interfere  se- 
riously with  agriculture  or  stock  raising.  The  productive- 
ness ot  the  soil  seems  not  to  be  affected  by  it.  The  state 
line,  where  the  Winona  and  St.  Peter  R.R.  passes  it,  is  a 
short  distance  west  ot  the  toot  of  the  Coteau.  At  a  distance 
the  Coteau  looks  like  a  sudden  and  marked  elevation  in  the 
western  horizon;  rising  a  great  hight  above  the  prairie  level. 
But  on  reaching  it  the  ascent  is  found  to  be  gradual,  the 
surface  changing  from  level  to  rolling  or  hilly.  It  is,  how- 
ever, quite  abrupt  in  some  places.  Good  farms  can  be  laid 
out  in  nearly  ail  parts  of  the  Coteau,  many  of  them  far  pre- 
ferable to  farms  very  highly  valued  in  Ohio,  Pennsylvania 
or  Mew  York.  There  is  no  timber  except  along  the  tribu- 
taries of  the  Lac  qui  Parle,  or  other  small  streams.  No 
rock  can  be  seen  in  situ.  Although  the  railroad  affords 
very  frequent  cuts  in  getting  through  this  rolling  countryt 
it  discloses  no  known  rock  as  far   westward  as  Lake  Cam* 
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pedka.  This  point  was  particularly  examined  for  over  si^ 
miles  beyond  the  foot  of  the  Coteau,  with  the  hope  of  see- 
ing, in  some  of  the  frequent  cuts,  some  indication  of  *a 
rocky  substructure.  Nothing  can  be  seen  but  drift.  This 
drift  consists  of  glacial  clay.  The  surface  is  generally 
stony,  especially  on  the  tops  and  brows  of  knolls.  Boul- 
ders of  northern  origin  are  very  common.  Some  large 
fragments  of  Silurian  limestone  were  seen,  but  generally 
the  erratics  are  granitic.  Beyond  the  first  Uscent  to  the 
knobs  of  the  Coteau,  there  is  a  stretch  of  less  rolling^poun- 
try  reaching  westward  about  ten  miles,  when  another  still 
higher  range  of  hills  and  bluffs  appears.  The  divide,  east 
of  the  Sioux  river,  is  about  fifteen  miles  west  of  the  state 
line,  at  an  elevation  (by  the  Winona  and  St.  Peter  R.R.)  of 
1,448  feet  above  Winona.  The  ascent  from  the  prairie 
level,  a  few  miles  east  of  the  state  line,  to  the  top  of  the 
Coteau,  fifteen  miles  west  ot  the  state  line,  is  about  650 
feet.  On  the  top  of  the  high  country  are  occasional  pleas- 
ant lakes.  At  De  Graff,  just  beyond  the  state  line,  in 
Duell  county,  Capt.  H.  H.  Herrick  burns  lime  from  a  dark 
surface  deposit  of  tufa.  This  deposit  shows  impressi^^ns  of 
leaves  and  twigs,  and  others  that  appear  like  rushes.  It 
has  some  iron  stains,  and  a  trace  of  bituminous  matter.  It 
occurs  in  a  number  ot  places  on  the  sides  of  the  knolls, 
overlying  the  drift  gravel  and  clay.  The  general  appear- 
ance of  the  surface  of  the  Coteau,  especinlly  near  its  base, 
as  well  as  the  surface  of  the  Antelope  Hills,  aside  from  this 
surface  deposit  of  tufa,  where  no  water  is  now  running,  in- 
dicates the  former  prevalence  of  a  much  greater  amount  of 
water  running  over  it  than  now.  The  boulders  and  gravel 
that  lie  so  thick  on  the  top  and  upper  slopes  came  from  the 
drift,  the  clayey  parts  having  been  carried  away  by  drain- 
age. They  are  all  water  worn — though  not  so  but  that  the 
boulders  sometimes  show  glacially  striated  surfaces.  That 
this  water  was  runnins;,  and  not  standing,  is  evidenced  by 
the  tufa,  which  is  only  deposited  where  the  atmosphere  has 
access,  and  by  the  manner  of  its  occurrence,  which  is  only 
on  the  lower  slopes  of  the  knolls,  though  at  varying  eleva- 
tions, so  far  as  seen.  That  there  was  vegetation  near  is 
proved  by  the  leaves  and  other  impressions.  That  the  flow 
was  of  short  duration^  comparatively,  is  also  proved  by  the 
universality  and  uniform  character  of  the  drift  sheet,  and 
by  the  lack  of  rocky  outcrops.  That  the  water  which  de- 
posited the  tufa  was  heavily  charged  with  lime,  is  proved 
by  the  abundance  of  the  deposit  and  by  the  coarseness  of 
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the  inclosed  impressions.  That  i(  was  the  same  that 
washed  the  light  drift  from  the  tops  and  brows  of  the 
knolls,  is  evident  from  their  associated  occurrence.  That 
this  water  was  from  the  retiring  glacier,  which  would  inev- 
itably have  given  off  water  ot  a  milky  color,  stained  with 
the  fine  debris  and  soluble  portions  ot  the  rocks  it  had  ground 
up  in  its  course,  is  probable. 

At  St.  Paul,  near  the  St.  Paul  and  Sioux  City  depot,  the 
lower  pari  of  the  drift  is  exposed  in  the  excavated  river 
bluff,  and  is  chiefly  hardpan  clay  (or  glacier  drilt.)  It  is 
conspicuously  colored  by  the  shale  of  the  Trenton.  The 
Alternating  blue  shale  and  copper-colored  hardpan  drift  show 
successive  accretions  with  such  regularity  as  to  attract  im- 
mediate attention.  The  bands  slope  at  an  angle  with  the 
horizon,  the  drift  holding  stones  and  occasionally  large 
boulders,  and  the  shale  showing  fragments  of  the  bedded 
lamination  not  yet  obliterated,  as  well  as  the  usual  fragments 
of  Chaetetes.  At  a  higher  level  is  a  heavy  stratum  of  25 
feet,  overlying  the  foregoing,  consisting  of  gravel  and 
boulders,  with  many  pieces  of  limestone.  The  following 
diagrai{i  illustrates  the  alternation  of  materials  in  the  drift 
fX  this  place. 

Section  in  the  drift  at  8t.  Paul. 
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A. 
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Bxplanaikm, 

Gravelt  with  manj  itoneii,  S6  or  80  feet 
Greea,  staaly  clay. 
Bine,  ihaly  clay. 
Greenish,  shaly  clay. 


Red  ciay. 

Broil  b  aria  clay,  atony, 

Aahen  drift  clay. 


I  feet  above  t  m  a*  m  «-•«* 
thertver.      J  »0'»feet. 


The  bluffs  of  the  Minnesota  require  a  special  mention,  as 
they  form  a  very  important  element,  not  only  in  the  topo- 
graphy of  the  southwestern  part  of  Minnesota,  but  also  in 
any  description  of  the  drift  of  that  portion  of  the  state  and 
of  the  northwest.  The  level  of  the  river  itself,  in  the  sums 
iner  season,  is  about  180  teet  below  the  prairie  level.  Tlio 
water  runs  in  a  very  winding  course  back  and  forth  between 
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the  bordering  bluffs,  the  directioQ  of  whichy  not  regarding 
the  little  angles  caused*  by  streams  that  enter  the  Minnesota^ 
is  very  regular.  They  have  some  long  bends,  but  in  gene^ 
ral  maintain  a  remarkable  constancy  of  direction  and  hight. 
The  bluffs,  especially  on  the  north  side,are  often  treeless.  The 
bottom-land  itself  is  very  often  tifcless.  On  the  south  side, 
CD  the  contrary,  the  river  bottoms  and  the  tributary  valleys, 
as  well  as  the  slope  of  the  main  bluff,  are  usually  wooded« 
Hence  the  abruptness,  and  at  the  same  time,  the  regularity 
of  slope,  direction  and  outline,  are  most  marked  on  the 
north  side.  These  bluffs  appear,  superficially,  to  be  formed 
of  drift  alone  above  Mankato. 

Below  Mankato  the  Silurian  rocks  are  frequently  seeneit^ 
posed  in  them,  causing  long  terraces  at  various  altitudes* 
Throughout  the  whole,  length  of  the  valley,  boulders  and 
etones  of  a  northern  origin  are  seen  on  the  brows  of  these 
bluffs,  and  on  their  abrupt  faces,  or  on  the  slopes  them-^ 
selves.  They  literally  cover,  sometimes,  the  Silurian  ter- 
races below  Mankato,  as  at  Shakopee,  Louisville,  Ottawa, 
St.  Peter,  Mankato  and  Judson.  There  is  a  good  illustra-r 
tioD  of  this  in  the  terrace  lh>it  extends  along  the  east  side  of 
the  river  below  Mankato,  and  also  toward  South  Bend. 
Where  the  hard  rocks  ot  the  Silurian  lie  deeper,  the  boul- 
ders that  otherwise  would  be  visible  seem  to  have  sunk  into 
the  softer  alluvium.  They  are  always  met  with  in  pene^ 
trating  through  the  alluvium,  before  striking  the  rock. 
They  pertained  to  the  general  sheet  of  drift,  before  the  ex- 
cavation of  the  valley,  and  have  been  left  simply  lodged 
where  they  may  have  fallen,  sometimes  on  rock  terraces, 
as  the  river  has  slowly  carried  away  the  fine  clayey  portions 
of  the  drift.  Notwithstanding  the  drift  characters  are  the 
only  apparent  ones,  yet  there  is  a  canopy  of  Cretaceous  that 
lies  below  and  gives  levelness  to  the  country,  niding  the 

franite  and  the  Silurian  rocks.  This,  mixing  with  the  drift, 
as  greatly  augmented  its  volume  beyond  what  it  would 
have  t)een  had  harder  rocks  existed  in  western  and  south- 
western Minnesota.  The  existence  of  this  canopy  of  Cre« 
taceous  under  the  drift  is  demonstrated  by  the  occasiouat 
exposure  of  such  beds  in  the  little  ravines  that  enter  the 
Minnesota.  Such  beds  are  intersected  by  the  bluffs  them- 
selves, and  cut  by  the  nver  channel,  though  they  are  rarely 
seen  in  the  main  bluffs  of  the  river  itself.  They  are  hid  by 
the  downfalliug  of  the  drift.  They  are  so  frail  themselves 
that  they  cannot  endure  the  exposure  exhibited  by  the  Si- 
lurian limestones,  (see  page  184,)  and  hence  do  not  make 
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BO  manifest  terraces  in  the  main  bluff.  This  main  bluff, 
therefore,  above  Mankato,  generally  exhibits  a  regular  slope 
trom  the  prairie  to  the  bottom  land.  There  is  sometimes  a 
dim  outline  of  a  terrace,  or  shoulder,  in  this  slope,  caused 
by  the  unequal  demolition  of  the  Cretaceous,  but  through'^ 
oat  the  valley  there  are  n(MkUuvial  terraces  that  can  be  cUtrib^ 
uted  to  stACcessive  reductions  in  (he  volume  of  the  river. 
Such  appearances  are  visible  at  New  Ulm,  as  well  as  at  va* 
rious  places  below  Mankato,  at  Lower  Sioux  Agency  and  at 
Beaver  Falls.  At  places  below  Mankato  the  semblance  to 
constant  terraces  is  due  to  the  effect  of  the  Shakopee  Lime- 
stone on  the  banks,  combined  with  that  of  the  erosible  na- 
ture of  the  underlying  Jordan  Sandstone.  Such  occasional 
benches  occur  at  different  elevations  as  far  .as  the  Silurian 
rocks  extend.  Above  that  they  are  due  to  the  Cretaceous. 
Such  occur  at  Fritz's  quarry,  a  few  miles  below  New  Ulm, 
and  at  Gruebel's  a  little  further  up  the  river.  At  the  for« 
mer  place  a  sandstone  in  the  Cretaceous  offers  a  more  per- 
sistent obstruction  to  the  water,  at  the  latter  the  terrace  is 
caused  by  a  hard  clayey  layer  over  one  that  is  soft  and  are* 
naceous.  At  New  Ulm  a  similar  combination  of  layers  may 
be  seen  near  Dauffenbach's  pottery,  and  in  some  of  the  high-* 
way  cuts  for  grading  the  streets  running  down  from  the  city 
(which  is  situated  on  this  terrace)  to  the  B.  B.  depot.  At 
and  below  Bedstone,  and  on  the  opposite  side  of  the  Minne- 
sota near  the  mouth  of  the  Waraju  river,  a  calcareous  mem- 
ber of  the  Cretaceous  causes  a  terrace  that  rises  about  40 
feet  above  the  river.  This  may  be  seen  at  Winkelmann's 
lime  kiln  and  quarry.  This  terrace  is  prolonged  for  several 
miles  below  Bedstone,  on  the  north  side  of  the  river.  Its 
level  for  some  distance  is  kept  up  by  the  red  quartzite  ia 
outcrop  there,  but  it  is  doubtless  due  mainly  to  the  Creta- 
ceous. 

At  Lowec  Agency  a  dim  outline  of  a  terrace  is  seen  near 
the  top  of  the  bluff  running  along  about  half  a  mile.  Ita 
cause  is  not  discoverable,  but  may  be  reasonably  regarded 
some  member  of  the  Cretaceous,  which  can  be  seen  at  a 
lower  level  in  the  highway  ascending  from  the  ferry  to  the 
top  ot  the  bluff.  It  is  most  observable  from  a  distance,  and 
especially  from  the  north  side  ot  the  river. 

There  is  a  semblance  at  Beaver  Falls,  though  faint,  of 
two  terraces,  near  the  top  of  the  bluff,  visible  trom  the  op- 
posite side  ot  the  river,  the  upper  one  having  about  the  po- 
lution  of  the  faint  terrace  seen  at  Lower  Sioux  Agency. 
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A  terraced  condition  of  the  bluffs  may  be  seen  at  a  little 
lake,  caused  by  the  enlarsrement  of  the  river  on  T.  i20,  B. 
44,  as  well  as  in  the  bluffs  of  Lac-qui-Parle.  Here  an  ob- 
eervation  was  made  that  plainly  indicates  the  origin  of  these 
benches.  They  exhibit  a  slope  or  dip  toward  the  S.E.,  run- 
ning successively  down  to  the  bottoms,  higher  ones  occur- 
ring in  their  places.  This  can  plainly  be  seen  from  the  op- 
posite bluff.  This  slope  is  believed  to  be  due*  in  like  man- 
ner, to  the  dip  of  the  rucks  of  the  Cretaceous,  though  no 
outcrop  of  those  rocks  was  seen  at  that  place,  the  bluffs  of 
the  river  and  of  all  ravines  being  smoothly  turfed  over. 

The  general  hight  of  the  bluffs  that  enclose  Big  Stone  Lake 
is  about  150  feet.  They  are  treeless.  Their  crests  are  usu- 
ally crowned  with  boulders.  The  only  wood  that  is  seen 
lies  in  the  ** gulches"  or  short  ravines  that  enter  the  lake 
from  both  sides,  and  on  the  islands,  some  of  which  are 
densely  wooded  with  small  trees.  There  is  also  a  thinly 
continuous  row  of  small  trees  and  shrubs  growing  on  the 
immediate  shore,  just  above  the  boulder-row.  The  bottom- 
land is  usually  not  marshy  but  arable,  constituting  really 
the  most  desiraole  farms.  It  is  first  taken  by  settlers.  It 
is  wide  enough  for  one  or  two  good  fields.  The  settler  also 
has  his  garden  and  cabin  on  the  low  land  invariably,  and  o^en- 
erally  at  the  opening  of  some  one  of  the  little  ravines,  which 
afford  water  without  digging*,  and  protection  from  the 
winter  winds,  as  well  as  convenient  fuel.  Along  this  lake, 
also,  are  terraces  that  have  a  slope  or  dip  striking  across 
the  bluffs.  One  may  be  seen  at  Mr.  Hurley's,  eight  miles 
above  the  foot  of  the  lake,  where  it  can  be  traced  three  or 
four  miles,  passing,  in  that  distance,  down  from  union  with 
the  prairie  level  to  the  bottoms,  or  so  far  down  as  to  be 
blended  in  the  bottom  land.  A  similar  vanishing  terrace 
can  be  seen  on  the  Dakota  side,  from  the  bluff  on  the  north 
side,  about  twelve  miles  above  .the  foot  of  the  lake,  and 
midway  between  Hurle/'s  and  Mireau's.  Within  the  space 
of  about  three  miles,  its  form  can  be  seen  to  pass  obliquely 
across  the  face  of  the  main  bluff,  from  top  to  bottom,  sloping 
to  the  east  or  southeast,  and  disappearing  in  the  bottom- 
land. A  similar  terraced  appearance  has  been  described  as 
occnrring  at  Brown's  valley,  at  the  head  of  Big  Stone  Lake, 
in  connection  with  an  exposure  ot  the  Cretaceous  (seep.  190.) 
The  interval  between  Big  Stone  Lake  and  LaRe  Travers  (6 
miles)  has  a  fall  toward  Big  Stone  Lake  of  six  feet.  The 
bluffs  approach  each  other  toward  the  end  of  the  lower 

•  Th«  WftUr  of  the  lake  U  elMr  tod  tppttrtnUy  dt«p. 
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lake,  but  do  not  unite.  A  continuous  valley,  between  bluflb 
of  the  same  form  and  appearance,  and  of  nearly  the  same 
depth,  connects  the  two  lakes,  giving  the  impression  of  one 
valley  instead  of  two.  The  short  interval  constituting  the 
divide  beiiveen  the  two  lakes  is  usuallv  without  water,  but 
is  often  overflowed  by  the  spring  freshets,  when  a  continu* 
ous  overland  watercourse  is  established  between  the  Gulf  of 
Mexico  and  Hudson's  Bay,  in  British  America.  It  was  on 
one  of  these  occasions  that  the  attempt  was  made  by  the  late 
Hon.  Joseph  B.  Brown,  to  float  a  steamboat  from  the  Mis* 
sissippi  to  the  Red  River  of  the  North.  Its  remains  still  lie 
a  lew  miles  below  the  toot  of  Big  Stone  Lake,  where  it  was 
wrecked  by  the  uoexpected  subsidence  of  the  water.  There 
is  a  very  perceptible  ascent  in  the  smooth  surface  of  the 
prairie,  toward  the  north,  from  the  bluflTa  of  Big  Stone  Lake. 

Several  points  have  been  mentioned  at  which  local  ter- 
races have  been  seen  along  the  valley  of  the  Minnesota 
river.  They  are  occasioned,  as  has  already  been  said,  by 
the  varying  resistance  of  the  underlying  rock,  when  under- 
going erosion  by  the  river.  This  is  evident  from  the  fol- 
lowing facts : 

Ist.  They  have  a  varying  elevation,  corresponding  with 
the  dip  of  the  formation  which  causes  them.  They  occur 
near  the  level  of  the  flood-plain,  blending  sometimes  witk 
it,  and  also  at  all  bights,  to  near  the  top  of  the  bluffs. 

2nd.  The  rock  itself  can  be  seen  at  many  of  the  plaoee- 
where  such  terraces  have  been  observed ;  and  where  it  has 
not  been  seen,  the  face  of  the  bluff  has  been  unfavorable  for 
exposure,  the  surface  being  smoothly  turfed  over. 

3rd.  There  are  hundreds  of  miles  along  the  river,  on 
both  sidjes,  where  no  such  terraces  can  be  seen,  the  bare 
bluffs  being  smoothly  rounded  off,  and  descending  at  one 
change  from  the  piairie  level  to  the  flood  plain.  Indeed,  the 
existence  oi  terraces  is  quite  an  exceptional  thing. 

4th.  In  many  cases,  th6  terraces  can  be  referred  directly 
to  their  cause,  layers  of  varying  resistance  in  the  Cretaceous. 

5th.  Where  there  is  no  rock  in  the  river  banks,  as 
shown  by  iresh  slides,  there  is  no  appearance  of  terraces. 

A  short  distance  below  Minnesota  Fails  the  bluff  rises,  on 
the  north  side,  159  feet  1  and  }  inches  above  the  flood-plain^ 
measured  by  Locke's  level. 

There  is  an  old  valley  of  the  Minnesota  river,  extending^ 
from  Lac  qui-Parle  lake  eastwardly,  and  joining  the  Chip* 
pewa  valley  about  five  miles  above  its  mouth.  This  old 
valley  has  bluffs  like  the  present  river  valley,  bat  it  is  net 
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quite  as  deep.  It  is  nearly  dry,  a  little  water  standing 
only  in  one  or  tvro  spots,  near  the  west  end,  and  slowly 
passing  into  the  Minnesota,  the  bottom  being  a  level  and 
handsome  meadow.  The  appearance  of  this  valley  is  rather 
novel  and  striking.  The  slopes  are  perfectly  treeless,  and 
very  smooth,  luxuriantly  covered  with  grass  and  ornamented 
with  flowers  of  various  colors.  There  are  short  ravines  or 
**  gulches,"  that  descend  from  the  prairie,  but  they  do  not 
show  a  tree,  nor  a  shrub.  They  are  smoothly  grassed 
over,  and  near  their  mouths  can  be  crossed  with  a  team. 
The  bluffs  themselves,  though  often  overstrewn  with  stones 
and  coarse  gravel,  are  yet  composed  of  hard  drift  clay,  and 
are  rarely  too  abrupt  to  be  ascended  by  a  horse.  Toward 
the  west  end  of  this  old  valley  the  slope  from  the  prairie 
shows  a  terrace  about  thirty  feet  from  the  top,  but  nothing 
can  be  seen  on  it,  or  even  in  the  excavation  cut  for  the  road, 
but  drift  materials,  though  boulders  are  rather  more  nume- 
rous at  that  point  in  the  cut  than  above  or  below.  Below 
the  level  of  this  bench,  twenty  feet,  is  a  row  of  springs 
which  keep  the  rest  of  the  slope  wet  and  soft.  The  whole 
appearance,  taken  together,  indicates  a  stratified  condition 
of  the  bluff',  probably  in  Cretaceous  rock. 

THE  EGONOMIOAIi  GEOLOOT  OF  THE  MINNESOTA  VALLEY. 

Coal. 

The  separation  of  the  region  of  the  Minnesota  valley  from 
all  the  important  coal  fields,  and  its  comparatively  sparse 
supply  of  wood  for  fuel,  have  directed  the  attention  of  the 
settlers  to  the  possible  supply  of  fuel  from  the  lignites  of 
the  Cretaceous.  Mention  has  already  been  made  of  the 
localities  of  outcrop  of  this  coal,  (pp.  221-224,)  with  some 
description  of  the  modes  of  its  occurrence.  The  subject  has 
also  been  summarized  in  the  letter  to  the  President  intro- 
ductory to  this  report.  There  are  coal  deposits  of  the  Cre- 
taceous age  that  are  likely  to  prove  valuable.  They  occur  . 
at  various  places,  scattered  over  the  western  territories. 
Such  coal  is  also  sometimes  in  the  condition  of  good  anthra- 
cite. A  valuable  bed  of  coal  is  reported  to  exist  a  few 
miles  west  of  Bismarck,  on  the  Missouri  river.  There  can 
be  but  little  doubt  that  such  or  similar  coal  accompanies  the 
lower  Cretaceous  rocks  throughout  their  extent  in  Minnesota. 
From  the  wide  extent  of  territory  in  which  ** float  coal"  is 
found  in  the  drift,  it  seems  very  probable  that  the  Cretaceous 
S6 
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ocean  at  first  corered  the  most  of  the  State.  So  far  as  dis- 
covered 9  however,  there  is  not  enough  coal  embraced  in  the 
Cretaceous,  in  this  State,  to  warrant  sanguine  expectations 
of  its  becoming  economically  useful.  This  coal  occurs  in 
in  two  distinct  forms,  which  may  be  distinguished,  until 
further  investigations  demonstrate  some  error  in  the  design 
nations  here  given,  as  charcocU  and  oannd  coal.  The  former, 
while  it  is  the  more  abundant,  is  of  less  value  for  use  as 
fuel.  It  is  light,  and  quickly  ignites,  but  it  is  generally  in 
fine  pieces  that  appear  to  be  matted  down  with  the  ash  that 
resulted  from  the  combustion  of  other  portions  of  the  wood 
from  which  the  coal  is  derived.  It  lies  in  irregular  sheets 
generally,  not  more  than  half  an  thick  when  pure,  but  may 
be  desseminated  through  a  thickness  of  six  or  eight  feet.  It 
is  very  fragile,  hardly  bearing  transportation.  The  latter  is 
black,  or  brown-black,  lustrous,  compact,  rather  hard,  and 
presents  every  aspect  of  a  valuable  coal.  It  occurs  in  iso- 
lated lumps  or  pockets,  in  the  same  beds  as  the  charcoal, 
but  less  abundantly.  It  readily  bums,  making  a  hot  fire. 
In  the  air,  when  it  has  become  dry,  it  cracks  and  crumbles 
something  like  quick  lime,  but  not  to  a  powder.  It  is  this 
which  is  found  in  the  drift.  If  it  could  be  found  in  sufficient 
quantity,  this  would  be  a  valuable  fuel. 

The  Iowa  coal  field,  of  Carboniferous  age,  does  not  reach 
as  far  northwest  as  the  valley  of  the  Minnesota. 

Iron. 

The  only  iron  ore  that  is  known  to  occur  in  southwestern 
Minnesota,  is  in  the  form  of  an  imperfectly  hydrated  per- 
oxyd,  or  brown  haematite.  It  is,  so  far  as  seen,  so  impure 
as  to  constitute  a  clay  iron-stone.  It  was  first  mentioned 
as  occurring  on  the  Le  Sueur,  a  mile  and  a  half  above  its 
mouth,  by  Dr.  B.  P.  Shumard,  (Owens'  Report,  p.  487), 
who  describes  it  as  <<  nodules  of  oxide  of  iron,  and  argilla- 
ceous iron  ore,"  and  gives  it  a  thickness  of  two  feet,  re- 
marking that :  <<  The  superficial  indications  render  it  prob- 
able that  this  bed  of  iron  ore  may  be  both  extensive  and 
readily  accessible.*'  Similar  indications  of  iron  ore  were 
seen  the  past  season  at  a  number  of  places  on  the  Le  Sueur 
and  on  the  Watonwan.  So  far  as  observed,  however,  the 
iron  seems  to  be  largely,  if  not  entirely,  superficial,  and 
pertains  to  the  horizon  of  separation  between  the  drift  and 
the  bedded  rock.  It  is  a  circumstance  of  frequent  occur- 
rence, in  all  parts  of  the    northwest,  to  see  ferriferous 
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fipriDgs  issuing  from  the  gravel  of  the  drift.  When  such 
water  comes  in  contact  with  the  air  it  invariably  ^ves  an 
irony  stain  to  substances  over  which  it  runs.  If  the  pro- 
cess be  continued  a  brown  haematite  iron  ore  will  be  formed. 
It  will  partake  of  the  impurities  of  the  surface  on  which  it 
forms.  There  is  besides  a  considerable  thickness  of  argil- 
laceous iron-stone  that  coats  the  Silurian  limestones,  when 
they  are  found  overlain  by  the  clays  of  the  Cretaceous,  (see 
pages  133  and  179.) 

Mineral  Paint. 

At  Bedwood  Falls  the  kaolin  which  has  resulted  from  the 
decomposition  of  the  granitic  rock,  has  become  stained  with 
iron,  and  has  a  brownish  or  greenish-brown  color.  It  con- 
tains, generally,  some  silica.  From  this  stained  kaolin  a 
good  mineral  paint  has  been  manufactured.  Messrs.  Grant 
and  Brusseau  commenced  the  enterprise,  and  carried  it  far 
enough  to  demonstrate  the  quality  of  the  product.  The 
manufactured  article  is  said  to  have  been  equal  to  that  of 
Brandon,  Yt.,  but  the  cost  was  so  great  that,  after  trans- 
portation to  St.  Paul,  it  could  not  be  offered  in  the  market 
BO  cheaply  as  the  Brandon  paint.  Their  process  was  very 
simple.  The  raw  material  was  obtained  from  the  banks  of 
the  Bedwood  river  (p.  168),  and  was  ot  a  rusty-brown 
color,  having  also  a  greenish  tinge.  It  was  broken,  or 
crushed  to  the  fineness  of  com  or  wheat.  It  was  then 
dried  in  a  large  pan  placed  over  a  fire,  and  ground  by  wa- 
ter-power, between  two  burr-stones.  In  that  condition  it 
was  ready  for  use  by  simply  mixing  with  boiled  or  raw  lin- 
seed oil.  It  was  found  that  lead  or  ochre  could  not  be  used 
to  advantage  with  it.  The  lead  is  said  to  have  **  come  out 
and  looked  like  a  mildew.''  The  color  produced  was  a  red- 
dish umber.  By  making  some  selections  various  lighter 
shades,  of  the  same  general  character,  were  produced.  It 
had  a  heavy  sediment,  consisting  probably  of  iron  and 
silica.  The  quality  of  the  paint  is  said  to  have  been  supe- 
rior to  that  from  Ohio,  and  fully  equal  to  that  from  Bran- 
don, Vt.,  or  Horicon,  Wis.  The  surface  of  the  wood 
painted,  becomes  hardened  and  glazed,  but  remains  smooth.* 

It  is  evident  that  the  best  methods  for  economy  were  not 
employed  in  this  enterprise.  The  mine  is  situated  about  a 
mile  from  the  mill.    The  rock  is  easy  of  access.    It  cost  a 

«  The  millfl  of  Worden,  Bnter  A  Co.,  tt  Bedwood  FellB,  andjof  Anitla  A  Wordea,  at 
JCIaneioU  FeUe,  ere  painted  with  it 
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8um  between  three  and  four  dollars  per  ton  to  deliver  the 
raw  material  at  the  mill.  It  could  probably  be  done  for  leas 
than  a  dollar.  The  total  cost  of  manufacture  ought  not  to 
exceed  a  dollar  per  hundred,  or  twenty  dollars  per  ton. 
The  Brandon  paint  sells  for  about  $40  per  ton.  These  state- 
ments are  on  the  authority  of  Mr.  Park  Worden,  of  Minne- 
sota Falls. 

Although  the  foregoing  is  the  only  systematic  attempt 
that  has  been  made  to  manufacture  paint  from  this  substance 
in  the  Minnesota  Valley »  it  occurs  in  great  abundance  at  a 
number  of  places.  It  is  also  found  in  greater  purity,  at 
least  with  much  less  quartz  and  iron,  at  several  other  places. 
Indeed  it  seems  to  exist  wherever  the  granitic  rocks  were 
buried  beneath  the  ocean  of  the  Cretaceous  age,  and  where 
the  glacier  period  has  not  disrupted  it. 

Quick-lime. 

For  common  quick-lime  the  region  of  the  upper  Minne- 
sota has  no  suitable  stone.  Here  is  a  great  extent  of  fertile 
country,  destined  to  be  thickly  inhabited,  that  must  always 
depend  on  the  Silurian  limestones,  situated  further  south- 
east, for  one  of  its  necessary  articles  of  construction.  At 
the  present  time  the  only  resort  is  to  the  limestone  bould- 
ers tiiat  occur  in  the  drift.  These  are  being  rapidly  gath- 
ered up  and  converted  into  quick-lime,  and  will  soon  entire- 
ly disappear.  The  nearest  Silurian  quarries  capable  of 
being  useful  for  quicklime  are  at  Mankato.  The  limestone 
found  in  the  Cretaceous  at  New  Ulm  is  also  very  valuable 
to  this  region,  but  the  shaly  nature  of  the  stone  there  will 
always  make  it  difficult  to  compete  with  the  lime  from  Man- 
kato. At  the  same  time  the  quality  of  the  lime  made  there 
renders  it  applicable  to  uses  of  which  the  Mankato  quick- 
lime is  not  susceptible.  The  Mankato  lime  is  of  a  dark 
leather  color,  slacking  to  a  cream  color.  It  has  a  consider- 
able sand  that  appears  as  a  sediment.  The  stone  itself  is  an 
arenaceous  magnesian  limestone,  and  the  lime  partakes  of 
the  nature  of  those  limes.  It  sets  more  slowly,  burns  more 
easily,  and  slacks  with  less  heat  than  the  pure  limestones. 
It  is  useful  for  brick  and  stone  work,  but  will  not  answer 
for  hard  finish.  For  common  brown  plastering  it  is  very 
useful.  The  lime  made  at  New  Ulm,  on  the  other  hand,  is 
nearly  white,  and  in  that  respect  has  the  advantage  of  the 
Mankato  quick-lime.  It  is  very  hot,  and  sets  quickly.  It 
is  more  nearly  a  pure  lime,  without  magnesia.     While  it 
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has  DO  sand,  as  an  impurity,  it  has  alumina.  Associated 
with  it  in  the  shales  of  the  Cretaceous,  is  more  or  less  of 
sulphate  of  lime  in  the  form  of  transparent  crystals,  or  sele- 
nite.  When  there  is  much  of  this  it  would  matorially  affect 
the  quality  of  the  lime,  giving  it  somewhat  the  character  of 
plaster  of  Paris.  Below  Mankato  there  is  no  lack  of  good 
stone  for  quick-lime.  The  Shakopee  limestone  is  calcined 
at  a  number  of  places,  and  outcrops  in  the  banks  of  the  river 
at  a  great  many  others. 

At  Shakopee  the  kilns  are  owned  by  Baptiste  Centre  and 
Isaac  Lincoln.  They  are  constant,  or  <<  draw  kilns."  Mr. 
Centre  bums  from  17  to  18  hundred  barrels  per  month,  and 
seven  months  per  year.  His  markets  are  St.  Paul,  Minne- 
apolis and  St.  Cloud,  in  bulk,  two  hundred  pounds  making 
a  barrel.  Lime  is  produced  in  30  hours.  Wood  costs  two 
or  two  and  a  half  dollars  per  cord,  mixed.  He  <* draws" 
every  six  hours. 

Mr.  Lincoln's  kiln  is  considerably  larger  than  Centre's, 
and  requires  from  two  to  four  days  to  produce  lime,  which 
sell  at  the  kiln  at  75  cents  per  barrel,  twenty-two  or  twenty- 
four  hundred  barrels  being  produced  per  month,  during 
seven  or  eight  months  of  the  year.  The  lime  made  at  Sha- 
kopee is  of  a  leather  color,  sometimes  approaching  burnt 
umber. 

At  Louisville,  five  miles  above  Shakopee,  Mr.  Centre 
owns  another  kiln  similar  to  that  at  Shakopee.  Mr.  Folsom, 
of  Minneapolis,  also  has  a  kiln  here  which  is  in  operation 
some  portions  of  the  year.  The  lime  produced  here  is  of 
the  same  character  as  that  at  Shakopee.  It  is  shipped  to 
St.  Paul,  Minneapolis,  and  occasionally  to  Duluth  and  St. 
Cloud.  Four  or  five  cords  of  mixed  wood,  at  two  and  a 
half  dollars  per  cord  are  required  for  each  hundred  barrels. 

John  P.  Binshed  bums  lime  from  the  Shakopee  stone,  at 
Ottawa. 

About  a  mile  above  Easota  Conrad  Smith  burns  lime  from 
the  Shakopee  limestone,  which  he  sell  at  one  dollar  per  bar- 
rel. Eight  or  nine  cords  of  mixed  wood,  at  (2.75  per  cord, 
are  consumed  in  producing  100  barrels  of  lime.  He  has  a 
draw  kiln,  but  not  enough  demand  to  keep  it  in  constant 
blast.  The  lime  is  dark,  and  in  nearly  all  respects  like  the 
Shakopee  iime.  It  shows  a  bluish  tint,  and,  Mr.  Smith  says, 
slacks  to  a  blue-whitef  instead  of  a  yellow- white^  and  is  pre- 
ferred for  that  reason. 

Five  miles  below  Mankato  Geoi^e  C.  Clapp  burns  a  lime 
that  is  bluish,  or  ashen-colored.     He  takes  the  stone  from 
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the  upper  portion  of  the  Shakopee  limestone,  and  produces 
a  purer  lime  than  any  seen  in  the  valley,  except  that  derived 
from  the  Cretaceous  at  New  Ulm  which  probably  comprises 
over  80  per  cent,  of  pure  carbonate  of  lime.  Mixed  wood 
costs  here  $2.25  per  cord,  and  five  or  six  cords  are  required 
for  a  hundred  bushels.     TSee  page  144.) 

At  Mankato,  besides  the  kilns  of  Maxfield  &  Sons,  Capt. 
J.  B.  Beatty  has  recently  erected  a  fine  drawkiln. 

At  New  Ulm  are  the  limekilns  of  Wm.  Winkelmann,  Fran- 
cis Baasen  and  John  Heiman,  all  burning  lime  from  the  Cre- 
taceous. Winkelmann  bums  about  1800  barrels  per  year*^ 
selling  at  the  kiln,  and  at  New  Ulm,  for  (1.50  per  barrel, 
It  here  requires  90  cords  of  mixed  wood,  at  $3.00  per  cord, 
to  produce  120  barrels  of  lime.  When  freshly  burned  this 
lime  has  very  much  the  same  color  as  the  stone,  though  a 
little  lighter,  and  slacks  white.  His  kiln  stands  on  the  bank 
of  the  Minnesota,  facing  the  water,  and  is  built  of  red  quartz- 
ite  and  boulders.  Mr.  Heiman's  kiln  hold  150  barrels- 
Forty  cords  are  needed  to  burn  the  kiln  well,  when  filled. 
Wood  costs  (2.50  or  $3.00  per  cord.  Lime  sells  at  a  dollar 
or  a  dollar  and  fifteen  cents  per  barrel. 

Above  New  Ulm  boulders  only  are  used  for  lime,  the 
kilns  being  of  rude  construction.  Such  are  owned  by  John 
Edget  and  Charles  Folsom,  a  short  distance  below  Beaver 
Falls,  and  by  Andrew  Brandin,  M.  C.  Brace,  Wm.  Davis 

and  brother,  Brennan,  and  B.  B.   Cory,  above  that 

place.  Large  limestone  boulders  occur  about  Redwood 
Falls.  At  Yellow  Medicine  the  only  lime  made  is  derived 
from  large  boulders.  Peter  Casting  burns  a  little  lime 
from  such  boulders  at  Jannetteviile,  nearly  opposite  the 
mouth  of  the  Yellow  Medicine.  At  Granite  Falls  such 
boulders,  occurring  in  a  little  ravine  on  the  land  of  R.  H. 
Baldwin,  have  been  taken  for  rock  in  situ.  At  Mr.  Hur- 
ley's, eight  miles  above  the  toot  of  Big  Stone  Lake,  excel- 
lent quicklime  is  burned  from  surface  boulders,  some  of 
which  is  marketed  at  Morris,  in  Stevens  county. 

Oypmm. 

The  Cretaceous,  at  Big  Stone  Lake,  holds  large  crystals 
of  selenite.  TLey  lie  on  the  surface  of  the  weathered  slope 
made  by  the  outcropping  of  a  dark  shale,  and  can  be  gath- 
ered in  considerable  quantity.  They  rre,  of  course,  em- 
braced within  the  shale.  From  the  existence  ot  sulphate  of 
lime  in  quantities  that  render  it  of  economical  importance 
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in  this  formation  in  various  parts  of  the  country,  it  is  pre- 
Bnmable  that  this  horizon  of  outcrop  is  nearly,  or  exactly 
the  same ;  and  that  at  some  future  time,  when  sufficiently 
detailed  exploration  has  been  made,  it  may  here  prove 
equally  valuable.  This  place  has  been  already  described 
under  the  head  of  the  Cretaceous. ' 

Hre  Clay. 

From  the  Cretaceous,  near  New  Ulm,  Mr.  Christian  Dauf- 
fenbach  manufactures  a  good  fire-brick.  The  bank  from 
which  he  takes  the  clay  is  fifteen  feet  above  the  river.  It  is 
of  light  color,  and  when  wet  is  plastic,  but  if  dry  it  is  hard 
and  difficult  to  quarry,  the  ude  of  powder  becoming  neces- 
sary. Horse  power  is  used  for  his  machinery.  He  has 
three  kilns.  This  fire-brick  clay  lies  below  a  heavy  stratum 
of  white  sand.  If  the  white  sand  that  occurs  on  the  Maple, 
a  few  miles  above  its  union  with,  the  Blue  Earth,  be  the 
same  horizon,  this  fire-clay  ought  also  to  be  found  in  the 
banks  of  the  Blue  Earth,  a  short  distance  above  its  mouth. 
In  the  settlement  and  material  development  of  that  part  of 
the  state,  this  stratum  in  the  Cretaceous  is  destined  to  play 
an  important  pait.     (See  page  185.) 

Potter'a  Clay. 

The  Cretaceous  also  supplies,  near  the  same  place,  but 
from  a  higher  stratum,  a  good  potter's  clay,  which  is  largely 
employed  at  New  Ulm  and  at  Mankato.  It  is  owned  by 
Silas  Barnard.  Mr.  H.  B.  Kaufer,  potter  at  Mankato, 
regards  it  as  equal  to  the  Carboniferous  potter's  clay  of  Ohio. 
The  manufacturers  at  New  Ulm  are  Wiukelmann  and  Dauf* 
fenbach,  and  John  StQerkec.  The  pottery  sells  tor  twelve 
and  fifteen  cents  per  gallon.     (See  p.  186.) 

Kaolin  or  China  Clay* 

It  has  been  said  already,  in  connection  with  the  descrip- 
tion of  the  granites  of  the  valley,  that  the  upper  surface  of 
the  graniteb,  where  protected  by  the  Cretaceous,  is  overlain 
by  a  heavy  bed  of  kaolin  clay,  resulting  from  the  decompo- 
sition of  the  granite  itself.  There  can  be  no  question  but  that 
this  deposit,  or  rather  kaolinized  granite,  since  it  is  decom- 
posed and  lies  in  aitu^  will  become  of  great  economical 
importance.     Kaolin  is  not  a  common  mineral  in  the  drift 
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latitudes.  It  is  commoD  iQ>  New  Mexico,  where  the  granite 
18  likewise  found  to  be  decomposed  to  the  depth  of  50  or 
more  feet.  It  is  also  found  in  the  Blue  Bidge  in  Virginia, 
the  mountain  rock  there  being  changed  to  impure  kaolin  to 
a  considerable  depth.*  Although  the  purity  of  the  kaolin 
of  the  Minnesota  valley  has  not  been  established  by  tests, 
either  practical  or  chemical,  it  is  highly  probable  that  some 
portions  of  it,  at  least,  will  be  found  to  answer  all  the  pur- 
poses for  which  such  clay  is  generally  used. 

Building  /Stone. 

For  construction,  the  Shakopee  limestone  holds  at  present 
a  high  position  in  the  regard  of  builders.  Its  best  estate  is 
not  seen  at  Shakopee  but  at  Ottawa,  Easota  and  St.  Peter. 
The  Mankato  quarries  are  equally  as  fine.  The  quarries  at 
Easota  show  a  deeper  shade  of  pink  than  those  at  any  of 
the  other  foregoing  places.  The  best  stone  yet  furnished 
by  this  formation,  was  that  put  into  the  recent  enlargement 
oi  the  Asylum  at  St.  Petor.  It  was  taken  out  near  the 
Asylum,  and  lies  in  very  heavy  and  regular  layers.  The 
quarries  at  Easota  and  at  Ottawa  have  not  yet  pene- 
trated so  deeply  into  the  rock,  but  will  prove  to  be  thicker 
bedded  as  they  are  further  wrought.  The  Episcopal  church 
at  St.  Peter,  made  of  this  stone,  has  dark-brown  cornice, 
window  frames  and  blinds,  and  the  wall  is  painted  dark- 
brown,  making,  although  perhaps  too  somber,  yet  a  very 
tasty  and  appropriate  edifice  for  worship.  It  is  low,  and 
of  Gothic  build. 

South  from  Mankato,  on  the  Blue  Earth,  the  Maple  and 
the  Watonwan,  are  several  very  favorable  openings,  but 
there  has  not  been  much  working  in  this  stone,  nor  in 
any  other,  in  that  part  of  Blue  Earth  county,  the  depen- 
dence  being  entirely  on  the  quarries  at  Mankato.  There 
is  no  reason,  however,  why  the  counties  of  Martin  and 
Faribault  may  not  derive  all  their  stone  for  walls  and  for 
all  building,  from  these  southern  quarries,  saving  them- 
selves the  labor  of  transportation  six  or  ten  miles.  Stone 
from  these  quarries  was  used  in  the  culverts  and  bridge 
piers  along  the  new  railroad  from  Mankato  to  Wells.  At 
Garden  City,  the  exposure  in  the  bed  of  the  river  is  owned 
by  J.  Willard.  This  outorop  has  more  the  aspect  of  the 
Shakopee  limestone,   at  Shakopee,   than  any  other    seen, 

^  Compare  Am,  Jour,  S6L  ond  Arts,  HI,  Vol.  vn,  p.  74. 
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and  will  not  be  found  to  furnish  as  handsome  layers  as  the 
quarries  at  Siankato. 

At  Jordan,  the  sandstone  lying  next  below  the  foregoing 
limestone  is  somewhat  employed  for  foundations,  and  has 
been  put  into  some  large  buildings.  It  cuts  well,  and  is 
in  blocks  about  eight  inches  thick.  It  is  rather  too  fria- 
ble, however,  for  general  use. 

The  St.  Lawrence  limestone  is  a  very  fine  stone  for  building. 
It  is  tough,  compact,  and  ot  a  good  color.  Its  bedding  is 
symmetrical  and  of  convenient  thickness .  The  only  quarries 
blown  are  those  at  St.  Lawrence  and  at  Hebron  and  Jud- 
son.  The  Presbyterian  church  at  Belle  Plaine  is  built  of 
the  St.  Lawrence  stone,  the  trimmings  being  from  Ottawa. 
In  the  Potsdam  at  Bedstone,  quarries  are  opened  by  Francis 
Baasen,  Wm.  Winkelmann  and  Frederick  Meyerding. 

Of  the  granites  and  associated  rocks  there  is  a  great 
variety.  There  is  also  every  desired  facility  for  quarry- 
ing them.  The  <'gray^  and  <<red"  granites  afford  every 
kind  of  shading  of  color,  and  a  great  many  beautiful  com- 
binations of  mineral  contents  and  crystallization.  The  time 
cannot  be  far  distant  when  a  great  many  valuable  open- 
ings will  be  made  in  the  granites  of  the  Minnesota  valley, 
for  the  convenience  of  the  southern  part  of  the  State  and 
of  Iowa. 

Brick. 

Common  red  brick,  sometimes  also  brick  of  a  lighter 
shade,  are  manufactured  from  the  alluvitim  of  the  river,  at 
New  Ulm  and  Mankato,  as  well  as  at  other  points  further 
down  the  valley.  The  Mankato  brick  have  a  high  reputa- 
tion, and  are  extensively  shipped  to  St.  Paul.  The  makers 
are  Meihofer  and  Whitrock,  Beed  and  Mather,  Jager  broth- 
ers, and  Mr.  Schlafle.  At  New  Ulm,  Wm.  Winkelmann 
owns  the  only  brickyard.  At  Jordan,  Charles  Bodel  makes 
a  light-colored  brick. 

Copper. 

AtShakopee  a  stock  company  exists  for  sinking  a  shaft 
to  explore  for  copper.  It  is  said  that  in  sinking  a  common 
well  pieces  of  native  copper  were  found.  Toe  shaft  is  to 
be  as  deep  as  that  well  which,  when  vigorously  pumped,  is 
said  to  afford  particles  of  copper  with  the  water.  The  lime- 
stone was  struck  at  18  feet.  The  work  has  not  progressed 
27 
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far  enough  to  indicate  the  probable  result.  The  limeetoiie 
at  Shakopee  being  of  the  same  age  as  Calciferous  sandrock 
of  the  east,  recalls  the  fact  that  they  both  belong  to  the 
Quebec  Group  of  Canada,  which  is  regarded  there  as  hold- 
ing the  upper  copper-bearing  rocks  of  Lake  Superior. 

Timber  aniJuA. 

**  The  Big  Woods  "  of  Minnesota,  consist  of  a  southward 
prolongation  of  the  timber  belt  about  forty-five  miles  wide, 
in  the  central  part  of  the  State.  The  boundary  of  this  pro- 
longation on  either  side,  is  not  well  marked,  the  trees  grad- 
ually becoming  thinner  and  smaller,  and  more  and  more 
restricted  to  the  valleys  of  streams,  till  the  country  is 
changed  to  a  ireeless  prairie.  The  surface  itself  is  more 
rolling  than  on  the  east  or  west.  It  may  be  thus  described 
in  general :  Beginning  a  tew  miles  west  of  Minneapolis  the 
eastern  edge  of  the  big  woods  crosses  the  Minnesota  in  a 
line  toward  Lakeville,  in  Dakota  county.  Continuing  in  a 
southerly  direction,  it  passes  about  a  mile  east  of  Cannon 
City,  and  of  Owatonna,  when  it  makes  a  short  bend  to  the 
west  and  northwest,  passing  about  six  miles  north  of  Was- 
eca,  and  near  E.  Janesville,  in  Waseca  county.  In  Blue 
Earth  county  it  is  variously  modified  by  the  valleys  that  are 
tributary  to  the  Minnesota  from  the  south.  Continuing 
west,  about  six  miles  south  of  South  Bend,  it  turns  north, 
and  crosses  the  Minnesota.  Running  along  the  west  side  of 
the  Minnesota,  distant  from  it  about  four  miles,  it  begins  to 
bear  off  to  the  northwest  at  St.  Peter,  and  runs  in  nearly  a 
direct  line  to  Darwin,  on  the  St.  Paul  and  Pacific  B.  B., 
bending  a  little  to  the  east,  toward  Glencoe,  in  McLeod 
county.  In  passing  through  these  woods  from  Farmington, 
in  Dakota  county,  to  Shakopee  in  Scott  county,  the  fol- 
lowing species  of  trees  and  shrubs  were  seen.  For  ten  or 
twelve  miles  after  entering  the  woods  very  few  trees  are 
seen,  the  oak  shrubs  being  the  largest  and  almost  the  only 
tree-like  vegetation.  About  half  way  to  the  Minnesota  riv- 
er the  maple  and  large  elms,  bass  and  iron  wood  appear. 

Oak  Shrubs.    Apparently  Qaercns  Utclfolia.     Wang, 

Hazelnut.    Corylns  rostrata.    Ait,  (?) 

Bur-Oak.    Quercus  macrocarpa.    Michx. 

White  Oak.    QnercuH  alba.    L, 

Wild  Red  Cherry.    Prunus  Pennaylvanlca.    L. 

Trembling  Aspen.    Populus  tremaloldes.    Mchz. 

Sumac.    Rhus  typhlna.    X. 

Choke  Cherry.    Prunus  Vlrn^ntana,    L. 


UKIVJSBSITY  OF  MINKESOTA.  211 

Wild  Plum.    Frumis  Americana.    MarshcUU 

White  Ash.    Fraxlnas  Americana.    L. 

Samac.    Bhns  glabra.    L, 

Thorn.    Cratsegns. 

Rose.    Bosa  blanda.    AU. 

Janeberry.     Amelanchler   Canadensis,  Var.  Botryaplnm.     Torr4 
and  Gray, 

Bonnd-leayed  Cornel.    Comns  clrclnata.    L'Ser. 

Common  Elder.    Sambncns  Canadensis.    L. 

American  Crab-Apple.    Fyms  coronarla.    L. 
[The  yonng  twigs  and  the  under  surface  of  the  leayes  are  very  woolly« 
pubescent.] 

Black  Cherry.    Frunus  serotina.    JBhr. 

Prost  Grape.    Vltls  cordlfolla.    MicJiz. 

American  Elm.    Ulmus  Americana.    L.  (PI.  Clayt,)  Willd* 

High  Bush  Cranberry.    Viburnum  Opulus.    L, 

Two  or  three  species  of  Willow.    Sallx. 

Green  Ash.    Fraxlnus  vlridls.    Mlchz.  /. 

FrlcUy  Ash.    Zanthozylum  Amerlcanum.    Mill. 

Cockspur  Thorn.    Crataegus  crusgalli.    L* 

Bed  Raspberry.    Rubus  strlgosus.    Michx. 

Black  Currant.    Ribes  florldum.    L. 

Cottonwood.    Fopulus  monlllfera.    AU. 

Large-toothed  Aspen.    Fopulus  grandldentata.    Michx* 

Bass.    TUia  Americana.    L. 

Bed  Midberry.    Moms  rubra*    L. 

Ironwood.    Ostrya  Vlrglnica.     Willd. 

Sugar  Maple.    Acer  saccharlnum.    Wang. 

Soft  Maple.    Acer  rubrum.    L. 

Altemate-leayed  Cornel.    Cornus  altemlfolla.    L. 

Blttemut.    Caiyaamara.    NuU. 

[Bare  east  of  Spring  Lake.] 

Butternut.    Juglans  clnerea.    L. 

[Very  rare  except  at  Spring  Lake  and  westward.] 

Slippery  Elm.    Ulmus  fhlva.    Michz. 

Staghom  Sumac.    Rhus  typhlna.    L. 
'    Tamarac.    Larlx  Americana.    Michx. 

Box  Elder.    Negundo  aceroldes.    Moench. 

Wolf  berry.    Symphorlcarpus  occidentalls.    B.  Br. 

Fanlcled  Cornel.    Cornus  panlculata.    L'Ber. 

[The  most  common  species  of  Cornus.} 

In  ascending  the  valley  the  following  additional  species 
were  seen : 

Kentucky  Cofl^e  Tree.    Gymnocladus  Canadensis.    Lam. 

Bed  Cedar.    Junlperus  Virglnlana.    X. 

Black  Walnut.    Juglans  nigra.    L. 

Hacd^berry.  Celtls  occidentalls.  £. 
[The  hickory  grows  to  about  six  Inches  In  diameter  and  then  Is  Inyarlably 
winter-killed.  A  tract  of  many  acres  Is  now  being  cut  near  St.  Feter 
for  fhel,  haying  been  killed  the  past  winter.  All  the  trees  are  smaU. 
The  hackberry  Is  used  for  fUel,  and  for  furniture.  It  is  commonest 
In  the  heayy  timber.  The  butternut  is  rarely  large.  The  box-elder 
sometimes  exceeds  three  feet  In  diameter.] 

Blue  Beech*.    Carplnus  Americana.    Michx. 

TeUow  or  Gray  Birch.    Betula  lutea.    Michx. ,  /. 
[There  Is  said  to  be  a  species  of  locust  at  St.  Peter,  but  it  has  not  been 
reoegnlzed  by  the  suryey.    The  aboye  species  of  birch  has  oblong 
catkins,  and  spreading  lobes  on  the  scales  which  are  8  Inches  long« 
The  lobes  are  obtuse.] 
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The  Irees  and  Shrubs  of  Big  Stone  Lake. 


At  Mr.  Hurley's,  eight  miles  above  the  foot  of  Big  Stone 
Lake,  on  the  north  side,  the  following  trees  and  shrubs 
were  seen  growing : 

Ireee — In  the  order  ofabufuUmce. 

White  Ash.    Fraxinos  Americana.    L, 
Bur  Oak.    Qaercos  macrocarpa.    Michx. 
Basswood.    Tilia  Americana.    L. 
Elm.    Ulmiis  Americana.    JL  (P^  Clafft.)  WiUd. 
Box  Elder.    Neg^do  aceroides.    Moeneh. 
[This  makes  a  yeiy  fine  "  maple  sugar,"  and  syrup.    It  Is  abandaat  on 
the  islands.] 
Cottonwood.    Fopnlos  monilifera.    AU. 
Hackbeny.    Celtls  occidentalis.    L. 
Ironwood.    Ostrya  Virginica.    WiUd. 
Soft  Maple.    Acer  mbrom.    L. 
Wild  Flam.    Franos  Americana.    MatBhall. 
Slippery  Elm.    Ulmns  ftdya.    Michx. 
WiUow.    Salix  nigra.    Marshall. 

Shrubs. 

Grape.    Vitis  aesUyalls.    Michx.  (?) 

Gooseberry,  (prickly.)    Bibes  Cynosbati.    L. 

Gooseberry  (smooth).    Ribes  rotandifoUnm.    Michx. 

Wolfberry.    Symphoricarpns  occidentalis.    B.  Br. 

Black  Carrant.    Blbes  floridnm.    L. 

Frlckly  Ash.    Zanthoxylom  Americanum.    MiU. 

Bed  Baspberry.    Bubns  strigosos.    Michx. 

Black  Baspberry«    Babns  occidentalis.    L. 

Sweet  Elder.    Sambacns.     ? 

Sweet  Yibamnm.    Vibamnm  Lentago.    L, 

Bed  Osier  Dogwood.    Comas  stolonifera.    Michx. 

Bittersweet.    Oelastras  scandens.    L. 

Choke  Cherry.    Frunas  Yirginlana.    L. 

BedBose.    Bosalacida.    JShr,  (?) 

White  Bose.    Boss  blanda.    Ai$. 

Virginia  Creeper.    Ampelopsis  qainqaefolia.    Mchx. 

Waihoo.    Baonymos  atroparpareas.    Jacq. 

Smooth  Saaac.    Bhas  typhina.    L. 

[The  list  of  pTants  of  Minnesota  by  Dr.  I.  A.  Laphanif 
alluded  to  in  the  Address  to  the  President,  is  withheld  for 
future  publication.] 


EBB  ATA. 


On  page  191, 17th  line  Arom  the  bottom,  lor  "  sapposition"  read  super* 
position. 
On  page  167, 8rd  line  fh>m  the  top,  for  **  half  a  mile,"  read  one  mUe. 
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Des  Moines  valley,  peat  in • 101 

Pelafleld,  Jackson  county,  peat  in • 10s 

Dooleyville,  sandstone  near 148 

Poheny,  D.,  quarry  by 155 

Drill,  composition  of,  near  Mankato 13S 

and  general  t<H>ography  of  the  Minnesota  valley 19s 

in  the  Cotean  des  Prairies 135 

at  St.  Paul 196 

Dunn,  Wm.,  peat  on  land  of lOS 

Dunham,  J.  H.,  quarry  by 134 

Barnes,  H.  H.,  on  CarboniDsrous  coal  in  Minnesota • 76 
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Economical  geology  of  the  Minnesota  valley i .  • 201 

Blaberg'sproceas  of  working  peat 112 

Emmons,  Dr.  B.,  description  of  "the  Sandstone  of  Potsdam,"  by...  158 

Empire  City,  peat  near 100 

Cretaceons  near 176 

St.  Peter  sandstone  near 188 

JffiiompAaliM,  in  the  Shakopee  limestone U7 

Fairmonnt,  peat  manufkctnred  near. 102 

EMmington,  quarry  near 182 

Earibanlt  county,  peat  in 76, 119,  110 

possible  Carbonifsrons  coal  in 77 

Featherstonhaugh's  ascent  ol  the  Minnesota 129 

Eire-clay J2I 

Elynn,  Bimey,  Cretaceous  coalonlandof *....  188 

Eolsom,  S.  M.,  limestone  on  land  of .1*6 

Eort  Snelllng,  composition  of  bluif 128 

Float  coal,  its  origin. 76 

French,  Mr.  — ,  peat  on  the  land  of loi 

Frankhouse,  F.,  granite  near  residence  of 176 

Fritz,  Wm.,  section  of  Cretaceous  sandstone,  on  land  of  • .  • .  • 182 

Freeborn  county,  possible  coal  in 77 

Furber,  P.  P.,  an  assistant  on  the  survey 78 

Garden  City,  Shakopee  limestone  at 1*6 

sandstone  at 1*0 

Geology  of  the  Minnesota  y alley 127 

Goodwin  John,  .quarry  by IW 

Granites  of  the  Minnesota  valley 160 

atNew  Ulm. ••••  161 

near  the  Lower  Sioux  Agency 162 

atBlrch  Coolie 163 

at  the  mouth  of  the  Redwood 167 

at  Beaver  Falls - 169 

at  Vicksburg 169 

at  Minnesota  Falls • ^  70 

at  Montevideo 171 

in  the  ancient  Minnesota  valley 178 

at  Lac-qui-Parle 1 78 

atFrankhouse's.. 176 

atMovlus' 176 

at  Big  Stone  Lake 176 

at  Sauk  Rapids  and  St.  Cloud 176 

at  Crow  Creek 166 

Glacier  marks,  direction  of ^^^*^\^ 

Gruebel,  John,  section  of  Cretaceous  on  land  of 182 

Gray, ,peatonland  of ^ 

Gravel  knolls,  isolated,  their  occurrence  and  cause l9o 

Gypsum,  in  the  Cretaceous 190,202 

Haight,  process  of  working  peat 11| 

peat  on  the  land  of 1^ 

Heiman,  John,  lime  made  by 206 

Hodge's  process  of  working  peat iij 

Hall,  A.  J.,  peat  on  the  land  of lOJ 

Haggard,  John,  turf  peat  on  tiie  land  of 106 

Hennepin  county,  peat  in 10* 

Herrick,  Captain  H.  H.,  tufa  burned  for  lime  by 196 

Hewitt,  Mr.,,  quarry  of IJf 

Hebron,  St.  Lawrence  limestone  at 164 

Hickory,  winter-killed  in  the  Minnesota  valley 211 
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Houghton,  George,  coal  on  land  of • • 188 

Hornblendic  schist 178 

Barley's  lime  kiln,  at  Big  Stone  lake 206 

Hurricane  Bend,  Shakopee  limestone  at..«« 144 

Imns,  Miss  Ellen,  peat  on  the  land  of • 102 

Iron  ore 188,202 

Jackson  county,  surveyed  for  peat..... 88 

peat  in 108 

Jessenland,  limestone  at 155 

Jordan  sandstone,  its  age 140 

at  Jordan  described • 149 

regarded  as  Potsdam  by  Dr.  Shumard 147 

at  Ottawa 148 

at  Minneopa  Falls 180 

at  Bed  Jacket  Mills 150 

Johnson,  Arthur,  turf  peat  on  the  land  ot 104 

Judson,  St,  Lawrence  limestone  visible  at 189,  152 

Kasotai  Le  Sueur  county,  peat  marsh  in < 101 

Shakopee  limestone  at. 189 

Kaolin,  at  Birch  Coolie 168 

atBedwood  Falls 167 

at  Minnesota  Falls • 170 

its  origin 207 

Keating]^  geological  observations 127 

King,  W.  v.,  peat  owned  by 105 

King,  £.  0.,  Cretaceous  coal  on  the  land  of. 188 

Knighty  Albert,  quarry  of,  in  Shakopee  limestone 144 

Lac-qui-Farle  lake,  granite  at 178 

La  Framboise  Place,  granite  at 161 

Langdon,  B.  8.,  peat  on  the  land  of. 104 

Le  Sueur  county,  peat  in 101 

Le  Sueur  river,  Shakopee  limestone  oh 189 

Leavltt,  T.  H.,  on  peat  at  Lake  Superior 122 

Leavitt's  process  of  working  peat 118 

Little  Bock  Creek,  Cretaceous  in  the  banks  of 187 

Loniacheck's  quarry,  at  Jordan 149 

Long,  Mi^or  S.  H.,  expedition  of,  in  1828 127 

Lone  Bock,  in  Dakota  county 185 

in  Bock  county 160 

Louisville,  section  of  rocks  at 140 

Lower  Sioux  Agency,  Cretaceous  at 187 

Lura  Station,  peat  deposits  near 102 

Lime,  at  Mankato 204 

at  Shakopee 205 

at  NewUlm 206 

firom  boulders 206 

Lincoln,  Isaac,  lime  kiln  of. 2o5 

Mankato,  section  of  rocks  at • 145 

observations  on  the  Cretaceous  rocks  at • 179 

limekilns  at 206 

Marshner's  carding  jtectory,  granite  at 162 

Maple  river,  Shakopee  limestone  on 189 

Minnesota  Valley,  the  geology  of 127 

Trenton  limestone  in 181 

the  economical  geology  of. « 201 

Minnesota  Falls,  granite  at 170 

kaolin  at 170 
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Mineral  Faint 168,  208 

MiDDeopa  Falls,  Jordan  sandstone  at 150 

Mountain  Lake  Station,  peat  near 102 

Mower  coanty,  possible  coal  in 77 

Moss  peat ...  • •    89 

Moyer,  8.  R.,  granite  reported  by 178 

Movius,  granite  near  residence  of 175 

Montevideo,  terrace  near 189 

granite  near 171 

Mnrphy,  James,  peat  onr  the  land  of  ••• .  * 100 

KewUlm,  Potsdam  sandstone  near 156 

conglomerate  near 158 

granite  near 161 

CretaceoQS  rocks  at 1 186 

character  of  lime  at 204 

Nobles  county,  snryeyed  for  peat 88 

peat  in 104 

Norton,  E.  T.,  drilt-crag  on  land  of,  at  Garden  City 184 

Ochre,  in  the  Cretaceou^ 190 

Ottawa,  sections  of  rocks'at 181 

Jordan  sandstone  at 148 

Paint  rock,  description  of,  at  Redwood  Falls 168 

Peat  deposits,  survey  of,  ordered 75 

objects  of  the  snnreyof 88 

Peat,  varieties  of 1 89 

slongh 89 

side-hill 90 

tnrl r« s 90 

qaality  of  peats,  in  Minnesota 91 

Uie  working  of  • 106 

what  has  been  done  in 125 

where  it  exists  in  Minnesota 99 

raw  or  mannfactnred • 125 

practical  conclasions  on 126 

analyses  by  Dr.  P.  B.  Rose ...•  92 

by  Prof.  S.F.  Peckham.... 95 

method  of  testing  for 99 

Peckham,  Prof.  8.  F.,  report  of  chemical  analyses  by 95 

Post,  Wm.  H.,  granite  near, 162 

Potter's  clay 186,207 

Phillips,  Wm.,  quarry  by !54 

Potsdam  sandstone 156 

at  8ionx  Falls 160 

QnarUite,  dip  of  at  Redstone 158 

on  the  land  of  the  St.  Paul  and  Sioux  City  R.  R 159 

in  the  valley  of  Rock  river. ..  160 

Qulnby,  H.  F.,  peat  on  the  land  of 102 

Qnincy,  Olmsted  county.  Shakopee  limestone  at 140 

Rae  process  of  working  peat 114 

Rapidan  Mills.  Jordan  sandstone  at.. 150 

RedJacket  Mills,  Shakopeeiimestone  at 146 

Jordan  sandstone  at 150 

Redstone,  dip  ot  the  quartzite  at 158 

Redwood  valley,  coal  in 76,  188 

granite  and  kaolin  in 167 

Rice  county,  peat  in 102 

S8 
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Bliwlied,  John  P.,  qoftiry  of 141 

Robert'^  ProceM  of  working  peat lOT 

Bobin9on,  J.,  peat  on  land  of 109 

Bochoasen,  I.  J.,  location  of  qoartzite  by 160 

Bock  river,  qnartzite  in  the  ralleyof 160 

Boae,  Dr.  P.  B.,  analyses  of  peat  bj 91 

Salt  Springs  at  Belle  Plaine,  geological  relations  of 86 

Bait  Well  at  Belle  Plaine 79 

Bait  Spring  Lands,  transferred  to  the  Board  of  Regents 75 

amount  of • 77 

BttTage,  Ber.  E.,  peat  on  the  land  of 100 

BecUonoftbeFortSnellingblnir 128 

in  the  Treqton  near  Farmington 139 

in  Rapidan 133 

at  Shakopee,  in  Scott  county 140 

atLonisyUle 140 

at  Otuwa i 141 

atMankato 146 

in  Jordan  sandstone 148,  159 

at  Jordan 149 

at  St.  Lawrence 153 

in  the  Cretaceous  at  Fritz's  quarry 189 

at  John  Gruebers 189 

at  Wiokelmann's 184 

on  the  Warajn 185 

general  section  at  New  Ulm 186 

well  drilled  at  Sleepy  Eye 186 

general  section  of  the  Cretaceous  in  southwestern  Minnesota  191 

of  the  drift  at  St.  Paul 196 

Schmidt,  peat  on  the  land  of. 105 

Sioux  Falls,  qnartzite  at. 160 

Silurian  rocks,  conclusions  respecting,  at  Hankato 179 

Shumard,  Dr.  B.  F.,  survey  by 130 

Shell  marl,  below  peat... 99 

Shale,  isolated  deposits  of,  insandstone X^,  150 

Shale  oil,  cost  of. 196 

Shakopee,  limestone  at 188 

copper  at. 909 

Shakopee  limestone,  at  Shakopee • 138 

in  Rapidan 1 39 

at  Louisville 140 

at  Ottawa 141 

atMankato 145 

on  the  Blue  Earth 145 

ontheMaple 146 

at  Garden  City 146 

St.  Croix  Sandstone *; 155 

SU  Cloud,  peat  near. • 106 

peat  firom,  analyzed 98 

St.  Peter,  limestone  at 143 

peatnear 101 

,  Cretaceous  near 177 

St.  Peter  sandstone ; 139 

near  Empire  City.  • 138 

views  of,  in  Dakota  county 186 

in  Rapidan...^ 139 

St  Lawrence  limestone , 189,  159 

at  Judson 153 

St.  Paul,  section  in  drift  at 196 

peat  near. ; 106 
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Sloogh  peat 89 

Sphfignum  pcaustre 90 

Smith,  Conrad,  kiln  of 206 

Sleepy  Eye,  artesiau  well  at 186 

Scale,  A.  A.,  peat  on  the  land  of. 102 

SyocUcalin  Shakopee  limestone 147 

Taggart,  S.  O.,  peat  on  land  of. 108 

Talcottlake,  peat  near 104 

Taylor,  F.  Q.,  peat  oajand  of 104 

Thompson,  Clark  W.,  peat  on  land  of 101 

Terraces  In  tlie  Minnesota  valley 197,  200 

atNewUlm 186 

six  miles  below  Montevideo 189 

Timber  and  fUel 210 

Trap  dikes  at  Granite  Falls 171 

Trenton  limestone  and  shales 181 

Trees  and  shrnbs  in  the  Big  Woods 210 

at  Big  Stone  Lake 212 

Turf 91 

Valae  of  peat  for  ftiel 128 

Van  Oser^s  creek,  sandstone  in 148 

Valley  Springs,  quartz ite  near : 160 

Vermilion  valley,  peat  in • 99 

terraces  in 176 

Vicksbnrg,  granite  near 169 

Volk,  John,  quarry  by • 149 

Warajn  river,  limestone  near  the  month  of 188 

potter's  clay  in  banks  of 186,  207 

marl  on 184 

Watonwan  river,  Shokopee  limestone  on 146 

Ward,  A.  L.,  peat  manufactured  by • 102 

Whlttier,  Albert,  peat  on  the  land  of 99 

Williams,  Dr.  C.  D.,  on  transportation  of  shale  oil 125 

Wiochell,  A.,  on  the  Belle  Plaine  salt  well 80 

Wlnchell,N.  H.,  on  the  Belle  Plaine  salt  well 82 

Windom,  peat  near 102 

Winkelmann's  lime  kiln  and  quarry 184 

lime  made  by  206 

Wells,  peat  near 101 

manufacture  of  peat  near 120 

artesian  wells  at 19S 
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L'iiivcrsiiy  of  Mi)ni,  Q^^'T^^ 


The  resrular  work  of  the  Geological  and  Natural  History 
survey  of  the  State  was  interrupted  during  the  season  of 
1874.  The  condition  of  the  new  buildings  at  the  Uniyer- 
sity  has  been  such  that  no  chemical  work  could  be  satisfac- 
torily done,  and  very  little  has  been  accomplished.  The 
same  cause  deranges  the  geological  laboratory  and  delays  the 
unpacking  and  examination  ot  specimens.  Not  a  room  has 
been  available  during  the  season  lor  opening  and  unpacking 
boxes. 

At  the  close  of  the  spring  term  in  the  University,  the 
Board  of  Begents  granted  the  request  of  Col.  Wm.  Ludlow, 
U.  S.  T.  B.y  and  allowed  the  departure  of  the  State  Geolo- 
gist with  the  expedition  of  General  G.  A.  Custer  to  the  Black 
Hills  ot  Dakota.  He  was  absent  during  July  and  August. 
This  again  broke  in  upon  plans  that  had  been  laid  for  a 
vigorous  prosecution  of  the  field-work  of  the  State  survey. 
The  Regents,  however,  rightly  regarded  the  exploration  and 
development  of  the  Black  Hills  of  Dakota  as  largely  ttibu- 
lary  to^  the  State  of  Minnesota,  while  the  accessions  that 
would  be  made  to  the  University  Museum  were  likely  to 
more  than  repay  the  expense  and  time  required.  The  young 
State  of  Minnesota  also  may  claim  the  honor  of  sending  the 
first  geologist  through  the  unexplored  interior  of  the  Black 
Hills,  so  long  involved  in  mysterious  and  legendary  uncer- 
tainty. A  n  port  on  the  geology  of  the  route  and  of  (he 
Black  Hills  of  Dakota  is  herewith  transmitted.*  The  prob- 
lems that  have  long  been  debated  by  geologists  concerning 
the  relative  ages  of  certain  sandstones  of  the  Lower  Silurian 

*Byord«ror  the  Botrd  of  Begtnts  this  report  has  been  transmitted  to  Ool.  Wm. 
Ladlow. 
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receive  some  light  by  the  geological  examination  of  the 
Black  Hills,  and  some  of  the  detailed  sections  of  those  rocks, 
given  in  the  accompanyiilg  report,  are  exceedingly  interest- 
ing* Every  facility,  except  a  sufficiency  of  time,  was  placed 
at  my  disposal  by  Gen.  6.  A.  Custer,  through  Col.  Ludlow, 
for  the  prosecution  of  the  geological  examinations.  The 
expedition,  bein^  restricted  to  sixty  days,  and  with  provi- 
sions only  tar  that  lenoth  of  time,  was  compelled  Ut  pass 
over  the  ground  faster  than  was  conducive  to  a  full  knowl 
edge  of  the  geology  of  the  region  traversed. 

After  my  return  (rom  the  Black  Hills,  delayed  somewhat 
by  sickness  in  my  family,  and  by  the  necessary  preliminary 
work  for  the  accompanying  report,  I  had  only  time  to  com- 
plete the  examination  of  two  counties.  I  chose  Freeborn 
and  Mower,  those  being  next  the  State  of  Iowa  and  within 
the  possible  coal  area  of  Minnesota.  A  local  interest  had 
been  excited  in  Freeborn  county  by  the  developments  or  a 
shaft  at  f*reeborn  which  was  reported  to  go  through  several 
feet  of  good  coal.  This  region  has  been  thoroughly  ex- 
plored and  the  full  details  are  contained  in  the  accompanying 
report  on  that  county.  I  am  greatly  obliged  to  Wm.  Moriu, 
Esq.,  of  Albert  Lea,  for  guidance  and  assistance  in  the  sur- 
vey of  Freeborn  county,  and  to  Hon.  A.  A.  Harwood,  of 
Austin,  for  the  same  in  making  the  survey  of  Mower  county. 

Various  parties  have  submitted  to  the  survey,  for  analy- 
sis, ores  from  the  northern  part  of  the  State,  and  have  ap- 
plied lor  assistance  in  exploring  those  portions  of  the  north- 
ern part  of  the  State  that  are  known  to  afford  indications  of 
the  precious  and  useful  metals.  In  some  cases  these  sam* 
pies  of  ores  have  been  received  and  analyses  have  been  pro- 
cured, through  the  agency  of  the  survey,  by  chemists 
abroad  ;  but  it  has  not  been  possible  to  afford  any  guidance 
to  persons  applying  for  assistance  in  field  exploration.  It 
is  exceedingly  desirable  that  the  chemical  laboratory,  now 
nearly  completed,  be  made  available  for  the  work  of  the 
survey,  as  soon  as  possible. 

In  the  early  part  of  the  season,  a  pamphlet  on  Peat  jot 
Dameslic  Fuel^  was  prepared,  at  my  request,  by  Prof.  S. 
F.  Peckham,  the  Chemist  of  the  survey,  for  general  distri- 
bution. Several  hundred  copies  have  been  gratuitously  dis- 
tributed to  those  citizens  of  the  State  interested  in  the  sub- 
ject of  peat  luel,  and  it  was  printed  io  full  by  the  Farmet's 
Union^  the  principal  agricultural  newspaper  of  the  State. 
It  was  hoped  thereby  to  give  the  needed  information  con- 
cerning the  nature  and  outward  characters  of  peat,  to  the 
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farmers  and  others  living  in  the  treeless  districts,  that  would 
enable  them  to  discover  and  to  make  use  of  it  as  a  common 
fuel  where  it  exists,  if  they  should  teel  so  disposed. 

During  the  season  of  1873  but  very  little  good  peat  was 
found  in  the  counties  of  Jackson,  Cottonwood  and  Nobles; 
but  in  the  examination  of  Freeborn  county,  during  the  past 
season,  inexhaustible  quantities  of  the  best  qualities  of 
fibrous  peat  were  met  with.  Mower  county  contains  very 
little. 

Very  respectfully, 

N.  H.  WINCHELL. 
The  Univebsity  of  Minnesota, 


Minneapolis,  Dec.  31,  1874 
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KEPORT    ON    THE    GEOLOGY    OF 
FREEBORN  COUNTY. 


Situation  and  Area. 


Freeborn  county  borders  on  the  State  of  Iowa,  and  19 
very  near  the  center  of  the  southern  boundary  line  of  Min- 
nesota. It  has  the  form  of  a  rectangle,  having  a  length, 
east  and  west,  of  five  government  towns,  and  north  and 
south,  a  width  of  four,  making  an  area  of  720  square  miles, 
or  449,235.63  acres,  alter  deducting  the  areas  covered  by 
water. 

Natural  Drainage. 

With  the  exception  of  Freeborn,  Hartland,  and  Charleston 
townships,  the  surface  drainage  is  toward  the  south  and 
southeast.  The  county  embraces  the*  head  waters  of  the 
Shellrock  and  Cedar  rivers  of  Iowa,  and  those  of  the  Cobb 
river,  which  joins  the  Minnesota  toward  the  north.  Hence 
it  lies  on  the  watershed  between  two  great  drainage  slopes. 
For  the  same  reason  none  of  its  streams  are  large ;  the 
Shellrock,  where  it  leaves  the  State,  being  its  largest.  The 
streams  have  not  much  fall,  but  afford  some  water  power, 
which  has  been  improved  in  the  construction  of  flouring 
mills.  Such  are  found  at  Albert  Lea  and  at  Twin  Lakes. 
In  these  cases  the  body  ot  water  confined  in  the  up|ier  lake 
serves  as  the  water^head  and  reservoir,  the  mills  lieing  con- 
structed near  their  outlets.  There  is  also  an  available  wa« 
ter-power  at  Shellrock  village,  but  its  use  would  cause  the 
flooding  ot  a  large  body  of  land  adjoining  the  river. 

Surface  Feiluies. 

The  surface  of  the  county,  although  having  no  remarkable 
and  sudden  changes  of  level,  yet  is  considerably  diversified 
as  a  rolling  prairie,  more  or  less  covered  with  aparse  oaks 
and  oak  bushes.     The  plats  of  the  United  States  surveyors^ 
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on  file  in  the  Register's  office  at  Albert  Lea,  indicate  con- 
siderably more  area  covered  with  timber,  or  as  **  oak  open- 
ings/' when  the  county  was  surveyed  by  them,  than  is  now 
the  onse.  The  following  minutes  are  based  on  an  examina- 
tion of  their  plats,  and  will  give  a  pretty  correct  idea  of  the 
distribution  of  the  oak  openings  and  the  prairie  tracts 
throughout  the  county. 

London.  The  most  of  this  township  is  prairie,  a  belt  of 
oak  openings  and  timber  entering  it  from  the  north,  about 
three  miles  wide,  in  the  center  of  the  town,  and  extending 
t6  the  center,  bearing  off  to  the  SE  ,  and  terminating  in 
sec.  24.  The  magnetic  variation  throughout  the  town  was, 
when  surveyed  (1854)  from  8^  20'  to  10^  42',  the  greatest 
being  in  sec.  33  and  34. 

Oakland.  A  little  more  than  a  half  of  this  township  con- 
sists of  oak  openings,  an  area  in  the  eastern  half  only  be- 
ing prairie,  with  a  small  patch  also  in  sec.  31.  Two  large 
sloughs  cross  the  town,  one  through  sections  30,  31  and  32, 
and  the  other  through  sections  4,  5,  8^  7  and  18.  Magnetic 
variation  about  9°,  varying  from  8°  12'  to  10°  8',  in  1854. 

JHoscow.  Nearly  the  whole  of  this  township  is  taken  up 
with  oak  openings  and  marshes.  Turtle  creek  crosses  it 
from  NW.  to  SE.  A  large  portion  (»f  the  northern  half  of 
the  town  is  a  floating  marsh,  containing  a  great  quantity  of 
peat.     Mag.  Var.  from  9°  20'  to  10°  20'  in  1854. 

Newry.  There  is  a  small  patch  of  prairie  in  the  north- 
east part  ot  this  town,  sees.  1,  12,  13  and  24,  and  a  small 
area  in  sees.  20  and  21.  There  is  another  in  the  NW.  cor- 
ner, embracing  sections  6  and  7,  and  parts  of  5,  8  and  18. 
The  lest  is  openings  and  marsh,  particularly  of  marsh  in  the 
SW.  corner.     Mag.  Var.  9P  20'  to  9°  40',  in  1854. 

Shellrock.  A  belt  about  1 J  miles  wide  along  the  west 
side  of  this  town,  accompanying  the  Shellrock  river,  consti- 
tutes the  only  openings  or  timbered  portion,  the  rest  being 
prairie.  This  district  also  comprises  some  marsh,  viz.,  sees. 
19  and  31.  The  first  house  in  the  county  was  built  in  sec. 
33  in  this  town,  in  the  SW.  quarter.  Mag.  Var.  8°  45'  to 
lOo  16' in  1854. 

Ilayward.  A  wide  belt  of  prairie  occupies  about  two- 
thirds  of  this  town,  running  N.  and  S.  throu£:h  the  center. 
On  the  west  of  this  is  a  rolling  tract  embracing  a  portion  of 
Lake  Albert  Lea  and  some  tributary  marshes,  while  on  the 
^ast  a  large  marsh  covers  sections  12  and  14,  and  portions 
of  13,  11,  15,  22  and  23.  There  is  also  a  prairie  tract  in 
«ec.  1. 
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Riceland.  This  township  is  about  equally  divided  be- 
tween praiiie,  openings  and  marsh,  the  first  being  in  the 
south  central  portion,  the  second  in  the  northwest  and  cen  • 
tral,  bordering  on  Rice  Lake,  and  the  marsh  in  the  north- 
eastern part  of  the  town.     Mag.  Var.  from  8^  45^  to  10^  3(K 

Oenjeva.  There  is  but  little  prairie  in  this  town,  the 
southern  portion  being  comprised  in  a  large  marsh  which  is 
crossed  by  Turtle  creek,  the  outlet  of  Walnut  lake.  The 
central  portion  is  occupied  by  oak  openings  which  also 
extend  to  the  NW.  and  W.  boundaries.  The  prairie  is  in 
the  northern  and  eastern  portions.  Mag.  Var.  9^  l(y  to  10^ 
23'  in  1854. 

Freeman.  This  township  comprises  no  prairie.  It  is 
mostly  devoted  lo  oak  openings,  but  a  series  of  marshes, 
drained  by  the  tributaries  of  the  Shellrock,  that  cross  it  to- 
ward the  Sbi.  take  up  a  considerable  area  in  the  central  and 
eastern  portions.  Mag.  Var.  9^  to  10^  40"  in  1854,  the 
greatest  being  in  sec.  31. 

Albert  Lea*  This  township  is  nearly  all  taken  up  with 
oak  openings,  but  a  few  small  marshes  trending  NW.  and 
SE.,  are  found  in  different  portions.  There  is  also  a  small 
patch  of  prairie  in  sec.  6,  and  another  in  the  SE.  corner  of 
the  county.  The  western  arm  of  Albert  Lea  lake,  through 
which  the  Shellrock  river  runs,  is  in  the  central  and  eastern 
part  of  this  town,  and  adds  greatly  to  the  variety  and  beauty 
of  its  natural  scenery.  Pickerel  lake  is  ai^o  partly  iu  this 
towflship.     Mag.  Var.  8°  46'  to  10°  06'  in  1854. 

Bancroft.  A  little  more  than  one-fourth  of  this  township 
is  prairie,  situated  in  the  center  and  southwestern  portions. 
The  rest  of  the  town  is  covered  with  oak  openings.  The 
source  of  the  Shellrock  is  in  the  NW.  part  of  this  town. 
Mag.  Var.  8°  50'  to  10°  15'  in  1854. 

Baih.  An  area  of  openings  comprising  about  half  of  this 
town  in  the  central  and  eastern  portion,  is  nearly  surround- 
ed by  a  belt  of  prairie.  Small  marshes  are  scattered  through 
the  town.     Mag.  Var.  8^  45'  to  10^  35'  in  1854. 

Nunda.  This  town  is  also  mostly  openings  but  an  area 
of  prairie  occurs  in  sees.  4,  5,  9  and  3,  and  another  lies 
bouthwest  of  Bear  lake.  Considerable  marsh  land  is  em- 
braced within  the  areaot  openmgs.  Mag.  Var.  in  1854  10^ 
5'  to  \iP  15',  the  latter  in  sec.  31. 

Pickerel.  The  west  half  of  this  township  is  prairie,  and 
the  eastern  is  devoted  to  openings  with  lakes  and  marshes. 
Mag.  Var.  9°  45'  to  IP  50'  in  1854. 

Manchester.     About  one  half  of  this  town  is  prairie,  the 
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remainder  being  oak  openings.  The  prairie  lies  in  the  north- 
western and  southern  portions.  Small  marshes  occur  both 
in  the  prairie  and  openings.  Mag.  Var.  10^  to  12^  15'  in 
1854. 

Hartland.  This  town  is  almost  entirely  composed  of 
prairie,  the  only  timber  being  about  Mule  lake,  and  in  the 
southern  portions  of  sees.  34,  35  and  36.  There  is  not 
much  marsh  in  the  town.  Mag.  Var.  9°  45'  to  12°  25', 
(1854). 

Mansfield.  This  town  is  nearly  f«ll  prairie,  a  small  patch 
of  oak  openings  occurring  in  sees.  3,  10  and  15.  The  NW. 
part  of  the  township  is  rolling  and  the  SE.  is  level  and  wet 
with  marshes.     Mag.  Var.  11°  30'  to  13°  40',  (1858). 

Alden.  This  town  is  all  prairie,  with  scattered  small 
marshes.     Mag.  var.  11°  27'  to  13°  15'  (1854.) 

Charleston.  This  town  is  all  prairie,  except  a  narrow 
belt  of  spaise  timber  about  Freeborn  lake.  Long  narrow 
marshes  spread  irregularly  over  the  central  and  eastern  por- 
tions of  the  town.  In  the  SE.  quarter  of  sec.  36  there 
is  also  a  small  area  of  sparse  nmber.  Mag.  Var.  11°  13'  to 
13°  (1854.) 

Freeborn.  In  this  town  there  is  a  little  sparse  timber 
alK)ut  the  north  ends  of  Freeborn  and  Spicer  lakes,  and  a 
little  adjoining  Spicer  lake  on  the  east.  There  are  also 
fcsome  openings  in  sec.  26,  where  the  arms  of  the  marsh  pro- 
tect  the  timber  from  the  prairie  fires.  The  rest  is  ot  prairie 
with  spreading  marshes.  Mag.  var.  (1854)  11°  55'  to 
1 2°  50'. 

North  and  west  of  Albert  Lea  in  a  veiy  broken  and  roll- 
ing surface  of  sparse  timber.  This  tract  consists  of  bold 
bills  and  deep  valleys  wrought  in  the  common  drift  of  the 
country.  On  some  of  these  hills  are  granitic  boulders,  but 
the  country  generally  does  not  show  many  boulders.  The 
diift  is  generally,  in  this  broken  tract,  a  gravelly  clay.  In 
iiome  ol  the  street-cuts  for  grading,  a  gravel  is  found,  con<> 
taining  a  good  deal  of  limestone. 

A  great  many  of  the  marshes  of  the  county  are  surround- 
ed with  tracts  of  oak  openings,  a  fact  which  indicates  that 
the  marshes  serve  as  barriers  to  the  prairie  fires.  Such 
marshes  aie  leally  filled  with  water,  and  quake  with  a  heavy 
peat  deposit  on  being  trod  on.  They  are  very  different 
from  those  of  counties  further  west,  as  in  Nobles  county, 
which,  in  the  summer,  are  apt  to  become  dried,  and  are  an- 
nually clothed  with  a  growth  of  coarse  grass,  which  feeds 
the  tires  that  pass  over  the  country  in  the  fall,     is  a  gene* 
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ral  rule,  but  little  or  no  grass  grows  oa  a  good  peat  marsh. 

The  coutour  ot  the  Siirtace  ot  the  couuty  is  turther  exem- 
plified by  the  followius:  elevations  obtained  trom  lines  run 
by  railroad  surveys.  They  were  furnished  by  Wm.  Morin, 
Esq.,  oi  Albert  Lea : 

Elevatious  taken  from  a  P  eliminary  Survey  made  in 
July,  1870,  through  Freeborn  county,  Minn.,  by  Wm. 
Morin : 

Commencing  on  the  State  line  (soath),  930  feet  east  of  the  i  stake,  on 
sooth  side  of  section  82,  T.  101,  R.  20;  thence  north  to  Shellrock  Citj, 
on  sec.  6,  T.  101,  R.  20 ;  thence  N.  40  ^  W^.  to  Alberc  Lea,  on  sec.  S,  T. 
102,  R.  21;  thence  N.  40^  £.  to  Geneva,  on  sec.  7,  T.  104,  B.  20;  and 
thence  N.  to  the  Steele  county  line. 

Above  Ocean. 

Station  No.  l~At  point  980  feet  B.  of  i  stake,  on  sec.  82,T.  101,  20.  1,282 

"       **  100 1,241 

"       "190 1,219 

"      *«  199-10— Water  in  Shellrock  river,  east  bank i,217 

.    "      "  2U0-80—    "  "  "      west  bank 1,217 

•*       **  202 1,282 

•*      **  800— Shellrock  City  (Town  Plat) 1,241 

a      a  494— Summit  between  Shellrock  and  Albert  Lea..  \  S  /-    1,833 

it      ««  664— Albert  Lea  (Town  Flat) I  :g  I    i,268 

.    Lake  Albert  Lea *l°l    1*221 

«(      «1064— Summit  at  Clark's  Qrove • ^  Z  ^    1,884 

Geneva  Lake  (or  Walnut  Lake) 1,284 

«      "1880— At  Steele  county  line,  sec.  5,  T.  104,  20 1,2^ 


EJevations   obtained  irom  O.  D.  Brown,  Esq.,  Engineer 
on  S.  M.  R.  B. : 

Above  the  Oceto. 

Milwaukee  and  St.  Paul  R.  R.— Top  of  rail  at  Ramsey 1,288 

Water  in  Turtle  Creek — 4  miles  west  of                 "      1 ,2v>4 

Oakland  Station— 6  miles               "                         "       1,886 

Big  Marsh— 12  miles                        "                          "'     i,2S5 

Lake  Albert  Lea— 20  miles             "                         "      1,221 

Grade  at  Albert  Lea  depot 1,240 

Jenning's  Summit— 5  miles  west  of  Albert  Lea 1,842 

Grade  at  Alden  Station  - 10^  miles  west  of  Albert  Lea 1,281 

•*      "Wells        "         20      "        "                  "        1,171 

The  county  thus  appears  to  contain  some  of  the  highest 
laud  in  the  State.  Some  ot  the  counties  further  west,  par- 
ticularly Nobles,  and  Mower  county  on  the  east,  rise  trom 
one  to  two  hundred  feet  higher.  There  is  also  a  high  and 
rolling  tract  in  the  north  central  portion  of  the  State,  cover 
ing  Otter  Tail  county,  which  rises  to  about  the  same  level, 
as  shown  by  railroad  profiles.  The  greater  portion  oi  the 
State,  however,  lies  several  hundred  feet  lower  than  Free- 
born county. 
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Soil  aixd  'limber. 

Throughout  the  county  the  soil  depends  on  the  nature  of 
the  drift  combined  with  the  various  modifying  local  circum- 
stances. There  is  nothing  in  the  county  that  can  properly 
be  designated  a  **  limestone  aoily"^  or  a  *^  sandstone  soil.** 
The  materials  of  which  it  is  composed  have  been  transported 
perhaps  several  hundred  miles,  and  are  so  abundantly  and 
universally  spread  over  the  underlying  rock  that  they  receive 
no  influence  from  it.  The  subsoil  is  u  gravelly  clay,  and  in 
much  of  the  county  that  also  constitutes  the  surface  soil.  In 
low  ground  this  of  course  is  disguised  by  a  wash  from  the 
higher  ground,  causing  sometimes  a  loam  and  sometimes  a 
tough,  fine  clay ;  the  latter  particularly  in  those  tracts  that 
are  subject  to-  inundation  by  standing  water.'  On  an  undu- 
lating prairie,  with  a  close  clay,  or  clayey  subsoil,  such  low 
spots  are  apt  to  have  a  black,  rich  loam  or  clayey  loam,  the 
c<ilor  being  derived  from  the  annua]  prairie  fires  that  leave 
charred  grass  and  other  vegetation  to  mingle  with  the  soil. 
The  same  takes  place  on  wide  tracts  of  flat  prairie.  In  these 
there  may  be  but  rarely  a  stone  of  any  kind — indeed  that  is 
usually  the  case — but  below  the  immediate  surface*  a  foot  or 
eighteen  inches,  a  gravelly  clay  is  always  met  with.  This 
at  first  doubtless  formed  the  soil,  the  disintegrating  forces  of 
frost,  rain  and  wind,  combined  with  the  calcining  effects  of 
the  prairie  fires,  having  reduced  the  stones  and  gravel  to 
powder,  leaving  a  finely  pulverized  substance  for  a  surface 
soil.  In  a  rolling  tract  of  country,  while  the  low  ground  is 
being  filled  slowly  with  the  wash  from  the  hills,  and  furnished 
with  a  fine  surface  soil,  the  hills  are  left  covered  with  a 
coarse  and  stony  surface  soil.  For  that  reason  a  great  many 
boulders  are  sometimes  seen  on  the  tops  of  drift  knolls. 
Along  streams,  and  about  the  shores  of  lahes,  the  action  of 
the  water  has  carried  away  the  clay  of  the  soil  and  often 
eaten  into  the  original  drift,  letting  the  stones  and  boulders 
tumble  down  to  the  bottom  of  the  bank,  where  they  are  often 
very  numerous.  Along  streams  they  are  somatimos  again 
covered  with  alluvium, — indeed  are  apt  to  be — but  along  the 
shores  of  lakes  they  are  kept  near  the  beach  line  by  the  ac- 
tiou  of  winter  ice.  After  a  lapse  of  time  sut&cient,  the  banks 
themselves  become  rounded  off,  and  finally  turfed  over  or 
o<»vered  with  trees.  These  lakes  somelimes  extend  their 
limits  laterally,  but  slowly  become  shallower. 

This  county  is  furnished  with  a  number  of  very  beautiful 
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lakes.    These  are  generally  in  the  midst  of  a  rolliug  country, 
and  some  of  their  banks  are  high. 

In  the  survey  of  the  county  the  following  species  of  trees 
and  shrubs  are  noticed  growing  native: 

Burr  Oak.    Qaercas  raacrocarpa.    Michz, 

Red  Oak.    Quercns  rnbra.    L,    (This  species  is  not  satisAictorUy 

identified.) 
Aspen.    Fopulas  tremololdes.    Michx. 
Elm.    Ulmus  Americana    (PlClayt)  Wiild. 
Black  Cherry.    Franus  seroiina.    Ehr, 
American  Crab.    Pyrus  coronarla.    L. 
Bitternat.    Carya  amara.    NuU, 
Black  Walnnt.    Juglans  nf^ra.    L, 
Wild  PInm.    Prunas  Americana.    Marsh. 
White  Ash.    Fraxlmus  Americana.    L, 
Bniternut     Juglans  cinerea.    L. 
Hazlenut     Corylus  Americana.     WaU. 
Frost  Grape.    Viiis  cordifolla.    Michx. 
Bittersweet.    Celastru!»  scandens.    L. 
Smooth  Sumach.    Rhus  glabra.    L 
Red  Raspberry.    Robus  strigosus.    Michx. 
Rose.    Rosa  blanda.    Ait. 

Wolfberry.    Symphoricarpus  occidentalis.    i?.  Br, 
Bass.    Tilia  Americana.    L. 
Prickly  Ash.    Zanthoxylnm  Americannm.    Mil, 
Con  el.    (Different  species.) 
Willow.    (Different  species.) 
Gooseberry  (prickly).    Rlbes  cynosbati.    L, 
Ttiorn.    Crataegus  coccioea.    L. 
Hacic  berry.    Celtis  occidentalis.    L, 
Sugar  Maple.    Acer  saccharloum.     Wang. 
Cottonwood.    Popnius  monilifera.    Ait. 
Soft  Maple.    Acer  rubrum.    L. 
Cockspur  Thorn.    Crataegus  Crus-galli.    L. 
Slippery  Elm.    Ulmus  fulva.    Michx, 
Black  Ash.    Fraxlmus  sarobnclfolia.    Lam. 
High-bush  Cranberry.    Viburnum  Opnlus,    L, 
Choke  Cherry.    Prunus  Virginiana.    L. 
Shagbark  Hickory.    Carya  alba.    liutt.    (On  M.  L.  Bnllis*  land,  la 

Moscow  township,  near  the  county  line. — A.  A.  JBarvoood.) 

Besides  the  foregoins:«  the  following  list  embraces  trees 
that  are  frequently  seen  in  cultivation  in  Freeborn  county : 

Spruce. 

Red  Cedar.    Jnniporus  Virginiana.    L, 

Mountain  Ash.    Pyrus  Americana.    2>.  0. 

Balsam  Popiar.    Populus  balsamifera.    L.  Var.  candicans. 

Lombardy  Popiar.    Populus  dilatata.    Ait, 

Locust     Robinia  Pseudacacia.    L.    [The  Locust  dies  out  in  Free> 

born  county.] 
Hackmatack.    Larix  Americhua.    Michx, 
Arbor  Vitae.    Thuja  occidentalis.    L. 
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2Tie  Geological  Structure, 

There  is  not  a  natural  exposure  of  the  underlying  rock  in 
Freeborn  county.  Hence  the  details  of  its  geological  struc- 
ture are  wholly  unknown.  It  is  only  by  an  examination  of 
outcrops  in  Mower  county  and  in  the  adjoining  counties  of 
Iowa,  together  with  a  knowledge  of  the  general  geology 
of  that  portion  of  the  State,  that  anything  can  be  known  of 
the  geology  of  Freeborn  county.  In  the  absence  of  actual 
outcrops  of  rock  within  the  county,  there  are  stil!  some  evi- 
dences of  the  character  of  the  rock  th  it  underlies  the  county^ 
in  the  nature  and  position  o(  the  drift  materials.  There  is, 
besides,  a  shaft  that  has  struck  the  Cretaceous  in  the  north - 
western  portion  of  the  county,  in  exploration  for  coal. 

Although  the  drift  is  heavy  it  lies  in  such  positions  that  it 
shows  some  changes  in  the  surface  of  the  bed  rock.  It  is  a 
principle  pretty  well  established  that  any  sudden  great  alter- 
nation in  the  rock  from  haidness  to  softness,  as  from  a  heavy 
limestone  layer  to  a  layer  of  erosible  shales,  or  from  shales 
to  more  enduring  sandstone,  each  stratum  having  a  consid  • 
erable  thickness,  is  expressed  on  the  drift  by  changes  from  a 
rough  and  rolling,  more  or  less  stony  surface  to  a  flat  and 
nearly  smooth  surface,  or  vice  vei'sa.  It  sometimes  happeu't 
that  the  non -outcropping  line  of  superposition  of  one  impor- 
tant formation  with  another,  either  above  or  below,  can  be 
traced  across  a  wide  tract  of  drift  covered  country  by  foU 
lowing  up  a  series  of  gravel  knolls  or  ridges  that  accompany 
it,  or  by.  some  similar  feature  of  the  topography.  Again, 
the  unusual  frequency  of  any  kind  of  rock  in  the  drift  at  u 
certain  place,  especially  if  it  be  one  not  capable  of  bearing 
long  transportation,  is  pretty  good  evidence  of  the  proximity 
of  the  parent  ruck  to  that  locality. 

Applying  these  principles  to  Freeborn  county,  we  find 
throughout  the  county  a  great  many  boulders  of  a  hard, 
white,  compact  magnesian  limestone,  that  have  been  exteu- 
sively  burned  for  quicklime.  These  attracted  the  attention 
ot  the  early  settlers,  and  before  the  construction  of  the 
Southern  Minnesota  railroad  supplied  all  the  lima  used  in 
the  county.  Although  theoe  boulders  are  capable  of  being 
transported  a  great  distance,  thei>*  great  abundance  points 
to  the  existence  of  the  source  ot  supply  in  ihe  underlying 
bed-rock.  In  the  drift  also  are  frequently  found  pieces  of 
lignite,  or  Cretaceous  coal,  which  cannot  lie  far  transported 
by  glacier  agencies.  This  also  indicates  the  exiRtence  of  the 
Cretaceous  lignites  in  Freeborn  county.  In  regard  to  changes 
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in  the  character  of  the  natural  surface,  we  seea  a  evenly  flat 
and  priiirie  surface  in  the  western  tier  of  towns,  and  in  the 
Boutheastern  part  of  the  county,  and  a  hilly  and  srrayelly 
tract  of  irregular  shape  in  the  central  portion.  There  are 
two  ridges  or  divides,  formed  superficially  of  drift,  that 
occur  in  the  central  part  of  the  county,  one  north  of  Albert 
Lea,  and  the  other  south  of  it,  separated  about  eleven  miles, 
as  shown  by  a  series  of  elevations  from  a  preliminary  B.  R. 
survey  by  Mr.  Wm.  Morin,  already  mentioned.  What  may 
be  their  direction  at  points  further  removed  from  Albert 
Lea  it  is  not  possible  to  state  with  certainty,  but  on  one  side 
they  seem  to  trend  toward  the  NW.  Indeed  there  seems  to 
be  an  NW.  and  SE.  trend  to  the  surface  features  of  Free- 
bom  county  generally.  Such  rough  surfaces,  and  especially 
the  ridges  bt  drift,  are  more  stony  and  srravelly  than  the  flat 
portions  of  the  county.  They  mark  the  location  of  great 
inequalities  in  the  upper  surface  of  che  underlying  rock, 
the  exact  nature  of  which  cannot  be  known. 

In  addition  to  these  general  indications  of  the  character 
of  the  rock  of  the  county,  the  shaft  sunk  for  coal  at  Freeborn, 
reveals  the  presence  of  the  Cretaceous  in  that  portion  of  the 
county , and  examinations  of  the  nearest  exposures  inthe  neigh* 
boring  county  of  Iowa,  disclose  the  Hamilton  limestone  of  the 
Devonian  age.     This  limestone  is  exactly  like  that  found  so 
abundantly  in  the  form  of  boulders  in  Freel>orn  county.  As 
the  general  direction   of  the  drift  forces  was  towards  the 
south,  and  as  the  strike  of  the  Hamilton  in  Iowa,  according 
to  Dr.  C.  A.  White  (see  his  map  of  the  geology  of  Iowa, 
Final  Report,  187C)   is  toward  the  N.  W.,  there  is  abund- 
ant reason  for  concluding   that  that  formation  also  extends 
under  Freeborn  county.     The  preliminary   geological  map 
of  the  State  of  Minnesota,  published    in    1872,   indicates 
Freeborn  county   almost  entirely  underlain  by  the  Devon- 
ian, the  only  exception  being  in   the  northwestern  corner. 
How  much  further  toward  the  N.  W.  these  limestone  boul- 
ders can  be  traced  with   equal  abundance,  the  explorations 
of  the  survey  have  not  yet  revealed.     The  Devonian  does 
not  certainly  cross  the  Minnesota  river.     Yet  in  McLeod 
county,  which  lies  in  the  line  of  strike  of  the  Devonian  of 
Iowa  and  Freeborn  county  toward  the  N.W.,  on  the  oppo- 
site side  of  the  Minnesota  river,  the  same  limestone  boul- 
ders are  very  abundant,  some  being  so  large  as  to  have  been 
reputed  rock  in  sitUf  and  quarried  as   such  till  exhausted. 
The  northwestern  corner  of  Freeborn  county  has  been  re* 
jgarded  as  underlain  by  a  limestone  of  the  age  of  the  Nia- 
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gara»  beloDging  to  the  Upper  Silurian,  that  formatioD  in  the 
Northwest  coming  directly  below  the  limestones  of  the  De- 
vonian. That  may  be  correct;  but  it  is  certain  that  there  id 
in  the  neighborhood  of  Freeborn  an  area  of  the  CretaceouSi 
which  must,  in  thai  ca^e,  overlie  the  Silurian  limestones. 
This  Cretaceous  area  is  believed  to  extend  north  and  south 
across  the  west  end  of  the  county,  and  to  be  roughly  coin- 
cident with  the  fl  It  and  prairie  portion  in  the  western  part 
of  the  county,  in  which  c<ise  it  also  overlaps  the  Devonian* 

Evyphrations  for  OoaL 

In  common  with  many  other  places  in  southern  Minne- 
sota, Freeborn  township,  in  the  northwestern  corner  of  this 
county,  has  furnished,  from  the  dtift,  pieces  of  Cretaceous 
lignite  that  resemble  coal.  These  have,  in  a  number  ot  in- 
stances, incited  ardent  expectations  of  coal,  and  led  to  the 
outlay  of  money  in  explorations.  Such  pieces  are  taken  out 
in  digging  wells.  The  opinion  seems  to  grow,  in  a  commu- 
nity where  such  fiagments  are  found,  that  coal  of  the  Car- 
boniferous age  exists  in  the  rocks  below.  In  sinking  a  drill 
foi  an  artesian  well;  at  Freeborn  village,  very  general  atten- 
tion was  directed  to  the  reported  occurrence  of  this  coal  in 
a  regular  bed,  in  connection  with  a  *^  slate  rock."  This  lo- 
cality was  carefully  examined,  and  all  the  information  waa 
gathered  bearing  on  the  subject  that  could  be  found.  The 
lecnid  of  the  first  well  drilled  is  given  below,  as  reported  by 
the  gentleman  who  did  the  work : 

1.  8oU  and  sabsoU,  clay 15  feet. 

2.  Biueclay 85  feet. 

8.    **  Conglomerated  rock,"  (had  to  drill) 2  Inches. 

4.  Sand  with  water 5  feet. 

5.  Fine  clay,  toagh,  hard  to  drill,  with  gravel  and  lime- 

stone pebbles 60  feet. 

6.  Sand  with  water 4  inches. 


7. 
8. 


"&!??f::}p"''»'"y creuceoas.  {-:-::  Vdnc^». 

Total  depth 122  feet 


Thia  indication  of  coal  induced  the  drilling  of  another 
well,  situated  100  feet  distant,  towaid  the  N.E.  In  this  the 
record  was  as  as  follows,  given  by  the  same  authority : 

1.  Soil  and  subsoil,  clay 15  feet. 

2.  Biueclay 88  feet. 

8.    ** Conglomerated  rock" 2  inches. 

4.    Sand  with  water,  and  pieces  of  coal 12  feet. 

Total  depth •••  •••••  60  feet  2  inches* 
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When  the  drill  hcr^  reached  the  **  conglomerated  rock/' 
it  was  supposed  to  have  reached  the  **  slate  rock,"  No.  7  of 
Ihe  previous  section.  The  amount  of  coal  in  the  sand  ot 
No.  4  was  also  enough  to  chuso  it  to  he  taken  for  No.  8 
of  the  previous  section.  Hence  the  boring  was  stopped; 
and  having  thus  demonstrated  the  existence  of  a  coal-be<l, 
to  the  satisfaction  of  the  proprietors,  the  enterprise  was 
pushed  further  in  the  sinkinor  ot  a  shaft.  In  sinking  this 
shaft  water  troubled  the  workmen  so  that  at  35  feet  it  bad 
to  be  abandoned. 

Three  quarters  of  a  mile  north  of  these  drills  a  shaft  was 
sunk  57  teet,  but  not  finding  the  coal  as  expected,  according 
to  the  developments  of  the  last  section  above  given,  the  ex- 
plorers stopped  here.  In  this  shaft  the  overseer  reports  the 
«arAe  strata  passed  throusrh  in  the  drift  as  met  wiih  in  the 
first  well  drilled,  but  the  so  called  **  conglomerated  rock" 
was  met  at  a  depth  of  45  feet.  The  sand  below  the  **  con- 
jglomeratcd  rock ''  here  held  no  water,  but  was  full  of  fine 
pieces  of  coal.  Before  sinking  the  shaft  at  this  place  a  drill 
was  made  to  test  the  strata.  These  being  found  *'all  right" 
the  shaft  was  begun.  In  that  drill  gas  was  first  met.  It 
rose  up  in  the  drill  hole,  and  being  ignited  it  flamed  up  8  or 
10  feet  with  a  roaring  sound.  The  shaft  was  so  near  the 
diill  hole  that  it  drew  off  the  gas  gradually,  allowing  the 
inteimixture  ot  more  air,  thus  preventing  rapid  burning. 
From  this  place  the  exploration  was  redirected  to  the  first 
situation,  where  another  shaft  was  begun.  This  wa.^  in  search 
for  the  *'  lower  rock,"  so  called,  or  the  <*  slate  rock"  sup- 
posed to  overlie  the  **coal."  Here  they  went  through  the 
same  materials,  shutting  off  the  water  in  the  five  foot  sand- 
bed,  and  60  feet  of  fine  clay,  when  water  rose  so  copiously 
irom  the  second  sand-bed  (No.  6  of  the  first  section  given) 
as  to  compel  a  cessation  of  the  work.  In  this  shaft  were 
found  small  pieces  of  the  same  coal,  all  the  way.  These 
pieces  had  sharp  corners  and  fresh  surfaces.  The  total  depth 
here  was  106  feet,  and  the  water  seems  to  have  been  im- 
pregnated with  the  same  gas  as  that  which  rose  in  the  drill 
at  the  point  three  fourths  of  a  mile  distant.  8uch  water  is 
also  found  in  the  well  at  the  hotel  in  Freeborn.  With  sugar 
of  lead  it  does  not  present  the  reactions  for  sulphuretted 
hydrogen,  and  the  gas  is  presumed  to  be  carburetted  hy* 
drogen. 

This  account  of  explorations  for  coal  is  but  a  repetition 
of  what  has  taken  place  in  numerous  instances  in  Minnesota. 
The  Cretaceous  lignites  have  deceived  a  great  many,  and 
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considerable  expense  has  been  needlessly  inciirrdd  in  fruit- 
less search  for  good  coal.  In  the  early  discovery  of  these 
lignites  some  exploration  and  experimentation  within  the  limits 
ot  the  State  were  justifiable,  but  after  the  tests  that  have 
already  been  made  it  can  pretty  confidently  be  stated  that 
^hese  liffniies  are  at  present  of  no  known  economical  value. 
This*  not  in  ignorance  of  the  fact  that  they  will  burn,  or  that 
they  contain,  in  some  proportion,  all  the  valuable  ingredients 
that  characterize  coal  and  carbonaceous  shales,  but  in  the 
light  ot  the  competing  prices  of  other  fuels,  the  cost  of  min- 
ing them,  and  the  comparative  inferiority  of  the  lignites 
themselves.  If  they  were  situated  in  Greenland  they  would 
probably  be  pretty  thoroughly  explored,  and  extensively 
mined,  and  even  there  they  would  have  a  powerful  competitor 
in  the  oil  there  in  use.* 

The  Drift. 

This  deposit  covers  the  entire  county  and  conceals  the 
rock  from  sight.  It  consists  of  the  usual  ingredients,  but 
varies  with  the  general  character  of  the  surface.  In  rolling 
tracts  it  is  very  stony  and  has  much  more  gravel.  In  flat 
tracts  it  is  clayey.  It  everywhere  contains  a  great  many 
boulders,  and  these  are  shown  abundantly  along  the  beaches 
of  the  numerous  lakes  of  the  county.  The  frequency  of  lime- 
stone boulders,  and  their  significance,  have  already  been 
mentioned.  Thousands  of  bushels  of  lime  have  been  mide 
from  such  loose  boulder  masses,  mainly  gathered  about  the 
shores  of  the  lakes. 

In  general  the  drift  of  Freeborn  county  consists  of  a  gla- 
'Cier  hardpan,  or  unmodified  drift.  Yet  in  some  places  the 
upper  portion  is  of  gravel  and  sand  that  show  all  the  effects 
of  running  water  in  violent  currents.  The  beds  here  are 
oblique,  and  subject  to  sudden  transitions  from  one  material 
to  another.  At  Albert  Lea  the  following  section  was  ob- 
served. It  occurs  just  west  of  the  center  of  town.  It  cov- 
ers eight  feet  perpendicular,  and  eight  feet  E.  and'  W. 

*  See  th«  second  anniul  report,  pp.  187  and  901. 
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Section  in  the  Drift  at  Albert  Lea. 


Sxplattatiott. 

\.  Earth  and  boU,  gr&TeUr  below 20  Incbes. 

2.  Gravel,  nnatratiaed,  Trlth  conalderable  limestone 6  tncbM. 

S.  Strati  fled  gravel 18  inchM. 

4.  BegnlarFitnta  of  coarse  gravel 2  feet. 

5.  Uostratlfled 

6.  Fineund,  soen S  f^t. 

In  a  gravel  bank  at  Albert  hea,,  according  to  Mr.  William 
Morin,  the  jawbone  of  a  mastodon  was  lound,  a  number  of 
years  ago.  It  was  sent  to  St.  Paul,  and  <s  supposed  lo  be 
preserved. 

The  average  thickness  of  the  drift  in  Freeborn  count; 
would  not  vary  much  probably  from  100  feet. 

In  the  survey  of  the  county  considerable  attention  was 
paid  to  the  phenomena  of  common  wells,  with  a  view  to 
team  the  nature  and  thickness  of  this  deposit,  and  the  fol- 
lowing list  is  the  result  of  notes  mode : 

Wells  of  Freeborn  County. 

Good  water  is  generally  found  throughout  the  county,  in 
the  drift,  at  depths  less  than  80  teet;  but  some  deep  wells 
that  occur  within  the  Cretaceous  bolt,  in  the  western  part  of 
the  county,  are  spoiled  by  carl'uretted  hydrogen.  This 
must  rise  fromoarbonaceous  shales  in  the  Cretaceous,  and 
indicates  the  extent  ot  that  formatioD.  Much  ol  the  inter- 
mation  contained  in  the  following  tabulated  list  of  wells  was 
obtained  of  W.  A.  Higgina,  well  borer,  of  Albert  Lea : 
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Owner's  Name. 


W.  P.  Sargent.  ... 

Geo.  BieYens 

T.  A.  Soathwlck. . . 

£zra8tearnt9 

Ezra  Stearns 

James  Hanson 

F.D.Drake 

O.  U.  Wescott. 

L.  C.  Taylor 

Geo.  Snyder,  Jr.... 

A.  M.Trigg 

H.  M.  Foot 

John  Melender.  •• 

L.  0.  Taylor 

Wm.  Comstock.... 

Chas.A>er8 

John  Ayers 

T.  A.  Sonthwick. . . 

J.  F.  Jones 

Nelson  Kengsley.. 

JohnFarrell 

A.  Obamberlain .... 

D.Q.  Parker 

Dr.  C.  W.  Ballard.. 

James  Barker 

C.  W.  Levins 

H.  Rowell 

W.  W.  Carglll 

Chas.  Ostrom 

Lewis  Ganl 

H.  Rowell 

Col.  8.  A.  Hatch... 

Ole  Knntaon 

W.W.CargllU 

Geo.  Topon 

And*  Palmer 

Dr.  A  C.  Wedge... 
W.  C-  Lincoln..  .. 

Frank  Hall 

Town  well 

A.  W.Johnson .... 
Rev.  O.W.  Prescott 
Town  well 

A.  Pnlmer,  Jr 


Location. 


Sec.  29.  Albert  Lea. 
Freeborn. 

)i^  m.  w.  of  Freeb'n. 

k»  .4 

Im.  nw.  ofFreeb^n. 

Sec.  13,  Freeborn. 

Byron,  Waseca. 

6  ms- nw  Freeborn. 

3  ms.  nw.  Freeborn. 

Alden. 
*• 

it 

6  ms.  nw.  Freeb'n. 
3mB.  ne.Alden. 
Nw.  cor.  Freeb*n. 
Trenton. 
Freeborn. 

Geneva 

.» 

II 
II 

Albert  Lea. 
w 

41 
4i 
II 
14 
i| 
«l 
II 

Sec  4,  Albert  Lea. 

Albert  Lea. 

Sec.  28,  Albert  Lea. 

Sec.  29, 
•« 


II 

14 
41 


Sec.  8. 

Albert  Lea. 
II 

Alden. 
Albert  Lea. 

Twin  Lake 

Alden. 

Sec.  29.  Albert  Lea. 


28 
47 
46 
30 
4S 
60 
9J 
94 
98 
61 
37 
GO 
60 
96 
48 
126 
142 
85 
20 
IS 
18 
12 
72 
38 
62 
26 
72 
8^ 
30 
28 
72 
42 
34 
28 
66 
28 
28 
32 
66 
44 
80 
80 
76 
40 
80 


Kind  of 
Water. 


Good. 

Carbnretted 

Soft. 

Good. 
I . 

Carbnretted 
II 

Soft. 

Good. 

Carbnretted 

Good. 
II 

Carbnretted 
It 


Carbnretted 

Good. 

Soft. 
II 

41 


Remarks. 


One-half  bns.  of  coal  at  26  feet. 
Pieces  of  coal  in  the  blue  clay, 
44  ft.  of  water.  [24  ft.  water. 
Fonod  pieces  of  coal. 


II 
II 


II 

41 


II 

II 


Water  stands  6  ft.  fh>m  the  tp* 

[and  gravel. 
Artesian:  at  first br*ging  stones 

Found  piece««  of  coal  in  clay. 
II  II  II 


II 


II 


II 


Good. 


II 
II 

14 

Not  ffood. 

Good. 
II 

II 

II 

II 

41 

No  water. 

Good. 
II 

II 

II 

14 

Not  good. 

I. 

41 
41 
14 


Artesian, 
Nearly  artesian. 
Bore  for  coal. 

**       "       lOHt  tools. 
Blue  clay— water  in  sand  and 
Water  in  quicksand,     [gravel. 
Water  in  quicksand. 


II 
II 


II 
II 


Struck  gravel  below  the  blue 

In  gravel.  [clay. 

Small  bed  of  gravel  in  bine  clay. 

In  gravel. 

In  gravel  below  the  bine  clay. 

St*k  brk  day,  no  sticks  nor  grit 

In  very  fine  blue  sandy  clay. 

'*  Yellow  clay"  all  the  way 

Tel.  and  bine  clay,  then  gravel. 

Gravel  and  sand,  water  in  q^ek- 

*•  ♦'  *♦  [sand. 

Water  in  gravel.         [on  rock. 

Gravelly  clay,  fine  sandy  clay, 

Water  in  green  sand. 
II  ii 

Gravel  and  sand,  then  q^ksand. 

41  *l  II 

In  gravel. 

Drift  clay,  water  in  gravel. 
"  Tastes  like  kerosene." 
day  only. 

Lamp  of  coal  at  27  feet. 


In  some  wells  at  Albert  Lea  a  muck  is  struck,  and  such 
wells  afford  a  water  that  is  unfit  for  use.  This  muck  is 
reported  to  contain  sticks,  and  is  about  88  or  40  feet  below 
ihe  surface.  It  may  indicate  a  former  bed  of  the  river,  or 
an  interglacial  marsh,  as  Mr.  James  Geikie  has  explained  in 
Scotland.  (See  **The  Great  Ice-Age.*')  It  is  by  some 
culled  slushy  and  seems  not  to  uniformly  hold  sticks  luid 
leaves,  but  to  be  rather  a  fine  s^nd  of  a  dark  color.  The 
well-diggers  call  it  quicksand.  This  indicates  that  it  is  either 
a  bed  of  Cretaceous  black  clay,  arenaceous,  or  Cretaceous  de- 
bt id.  Dr.  Wedge,  of  Albert  Lea,  thinks  the  site  of  the  city 
was  once  covered  by  a  lake,  and  that  this  slush  was  its  sedi- 
ment ;  and  that  the  overlying  gravel,  which  i8  about  38  feet 
thick,  has  since  been  thrown  on  to  it  liy  a  later  force,  per- 
haps by  currents.  There  is  no  doubt  that  the  overlying 
21 
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gravol  was  thus  deposited,  those  currents  being  derived  from 
the  ice  of  a  retiring  glacier. 

Wells  at  Geneva  are  generally  not  over  20  feet  in  depth. 
They  also  pass  through  a  gravel  that  overlies  a  quicksand. 
This  village  is  situated  with  reference  to  Geneva  lake  as 
Albert  Leu  is  with  reference  to  Albert  Lea  lake,  botb  being 
at  the  northern  extremities  of  those  lakes.  The  phenomena 
of  wells  at  the  two  places  are  noticeably  similar,  and  in  the 
same  way  different  from  the  usual  phenomena  of  wells 
throughout  the  county. 

Ai  Albert  Lea. 

Gravel,  about  80  feet. 

Qaicksand,  with  water,  sometimes  black  and  mucky. 

Ai  Geneva. 

Gravel,  12  to  15  feet. 
Quicksand  with  water. 

It  would  seem  that  the  history  of  the  drift  at  Albert  Lea 
was  repeated  at  Geneva.  These  villages  being  both  situated 
at  the  northern  end  of  lake  basins,  are  probably  located 
where  preglacial  lakes  existed.  On  all  sides,  both  about 
Albert  Lea  and  Geneva,  the  usual  drift  clay,  hard  and  blue, 
is  met  in  wells,  aud  has  a  thickness  of  about  100  feet. 

Material  Resources. 

In  addition  to  the  soil,  Freeborn  county  has  very  little  to 
depend  on  as  a  source  ot  material  prosperity.  As  already 
stated,  there  is  not  a  single  exposure  ot  the  bed-rock  in  the 
county.  All  building  stone  and  quicklime  have  to  be  im- 
ported. The  former  comes  by  the  Southern  Minnesota  R. 
B.  from  Lanesboro  and  Fountain,  in  Fillmore  county,  though 
it  is  very  likely  that  the  Shakopee  stone  from  Mankato  will 
also  soon  be  introduced.  The  latter  comes  from  Iowa, 
largely,  (Mason  City  and  Mitchell),  and  from  the  kilns  at 
Mankato  and  Shakopee.  Some  building  stone  is  also  intro- 
duced into  the  eastern  part  of  the  county  from  the  Cretace- 
ous quarries  at  Austin. 

Lime. — At  Twin  Lake  three  or  four  thousand  bushels  of  lime 
have  been  burned  by  Mr.  Cartor  from  boulders  picked  up  round 
the  lake  shores.  This  lime  sold  for  75  cents  per  bushel.  It 
was  a  very  fine  lime,  and   purely  white.     The  construction 
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of  the  railroad  put  a  stop  to  his  profits,  as  the  Shakopee  lime 
could  then  be  introduced  and  sold  cheaper.  The  boulders 
burned  were  almost  entirely  of  the  same  kind  as  those  that 
are  so  numerous  in  McLeod  county.  They  are  fine,  close- 
grained,  nearly  white,  on  old  weathered  surfaces,  and  of  a 
dirty  cream  color  on  the  fractured  surfaces.  They  very 
rarely  show  a  little  granular  or  rougher  texture,  like  a  mag- 
nesian  limestone,  though  this  grain  is  intermixed  with  the 
closer  sfrain.  They  hold  but  few  fossils.  There  are  a  few 
impressions  of  shells,  and  by  some  effort  a  globular  mass  of 
a  coarse  Favositoid  coral  was  obtained. 

Besides  the  above,  which  are  distinguished  as  ''  white 
limestone,"  there  are  also  a  few  bluish-green  limestone  boul- 
ders. One  of  these,  which  now  lies  near  Twin  Lake,  is 
about  7  feet  long,  by  5  or  6  feet  broad,  its  thickness  being  at 
least  2^  feet.  It  has  been  blasted  into  smaller  pieces  for 
making  quicklime,  but  nearly  all  of  it  yet  lies  in  its  old  bed, 
the  fragments  being  too  large  to  be  moved.  This  stone  is 
also  very  close-grained.  It  is  heavier  than  the  other  and 
more  evidently  crystalline.  It  holds  small  particles  of  pyr- 
ites. It  is  not  porous,  nor  apparently  bedded.  On  its 
outer  surface  it  looks  like  a  weathered  diorite,  and  it  would 
be  taken,  at  a  glance,  for  a  boulder  of  that  kind.  It  is  said 
to  make  a  very  fine  lime.  Several  hundred  bushels  of  lime 
were  formerly  burned  at  Geneva. 

Brick, — At  Albert  Lea  the  following  persoas  make  brick : 
Geoige  Broughton,  Wm.  Cook,  (G.  C.  Dillingham,)  Hub- 
bell  Manly,  (one  and  a  half  miles  N.  of  Albert  Lea;  has 
made  none  in  four  years.)  These  all  make  what  is  known 
as  ^*  slop  brick,"  i.  e.,  they  handle  and  dry  them  afler  mix- 
ing in  water,  without  the  use  of  sand.  The  latter  method 
(with  sand)  is  much  quicker  and  pleasanter,  but  in  the  use 
of  the  brick  there  is  not  much  choice  between  the  methods. 
At  Boughton's  the  brick  are  red.  The  clay  u&ed,  which  is 
about  five  feet  below  the  surface,  is  fine  and  of  a  yellowish 
ashy  color.  It  is  underlain  by  gravel.  The  clay  itself 
locally  parses  into  a  sand  that  looks  like  «'  the  bluff."  At 
other  places  it  is  a  common,  fine  clay-loam,  with  a  few  gravel- 
stones.  There  is  but  little  deleterious  to  the  brick  in  the 
clay,  although  some  of  the  brick  aie,  on  fractured  surfaces, 
somewhat  spotted  with  poor  mixing,  and  with  masses  of 
what  appears  like  concretions.  The  clay  itself  is  apparently 
massive,  but  it  is  really  indistinctly  bedded,  rarely  showing 
a  horizontal  or  oblique,  thin  layer  of  yellow  sand.  Mr. 
Boughton  sells  brick  at  ten  or  twelve  dollars  per  thousand. 


164  ANNUAL  BBPOBT. 

Hid  yard  has  only  been  running  the  past  summer,  but  has 
turned  out  200,000.  They  have  been  used  in  Albert  Liea, 
and  by  the  farmers  around.  Oak  wood  costs  from  five  ta 
six  dollars  per  oord. 

The  yard  of  Mr.  Cook  also  furnishes  red  brick.  Ho  uses 
the  same  stratum  of  tine  clay  overlain  by  the  same  yellowish 
sandy  clay  or  loam.  The  clay  here  shows  to  better  advan- 
tage and  is  plainly  bedded.  It  contains  sticks,  the  largest 
observed  being  a  lilttle  over  half  an  inch  in  diameter.  These 
sticks  are  plainly  endogenous  in  cellular  structure,  but  have 
a  bark.  They  are  not  oxydized  so  as  to  be  brittle,  but  are 
flexible  still,  with  small  branches  like  rootlets  hanging  to 
them.  It  is  uncertain  whether  they  belong  to  the  deposit, 
or  are  the  rbots  of  vegetation  that  grew  on  the  surface  since 
the  drift.  There  are  no  boulders  of  any  size  in  the  drife 
just  here ;  but  a  few  granitoid  gravel-stones.  The  aspect 
generally  indicates  that  this  cluy  has  a  local  ch  iracter  largely  ^ 
but  no  outcropping  beds  ca.i  be  fouud  in  the  neighborhood. 
Mr.  Cook  has  made  this  year  (1874)  250,000  brick.  The 
yard  has  been  running  five  years.  Brick  here  sell  for  $1.30 
per  hundred  as  they  come  from  the  kiln,  or  $10.25  per 
thousand.  Hard  brick  from  the  arch  sell  at  $1.50  per  hun- 
dred. The  brick  here  seem  to  show  a  little  more  lime,  but 
they  are  well  made  and  well  burned. 

Brick  was  formerly  made  at  Geneva,  aud  at  a  point  about 
2^^  miles  east  of  that  place.  At  Geneva  the  clay  was  takeo 
from  the  bank  of  Allen  creek,  about  18  inches  below  the 
surface.  It  was  a  drift  clay,  with  small  pebbles.  That 
used  2i  miles  east  of  Geneva  was  of  the  same  kind.  la 
both  places  sand  bad  to  be  mixed  with  the  clay.  AbDut 
Geneva  sand  is  abundant,  taken  from  the  gravel  and  sand 
knolls,  and  from  the  banks  of  the  creek. 

Pea^ — In  Fieeboru  county  there  is  an  abundance  of  peat. 
The  most  of  the  marshes,  of  which  some  are  large,  are  peat- 
bearing.  In  this  i*espect  the  county  diflers  very  remarka* 
bly  from  those  in  the  western  poition  of  the  same  tier  of 
counties  which  were  specially  examined  fur  peat,  in  the  sea« 
son  of  1873,  and  which,  being  entirely  destitute  of  native 
ti'ees,  are  must  in  need  of  peat  for  domestic  fuel. 

The  peat  ot  the  county  is  generally  formed  entirely  of 
herbaceous  plants,  though  the  mai^shes  are  often  in  the  midst 
of  oak-openings.  The  peat- moss  constitutes  by  far  the 
larger  portion.  There  is  no  observed  difference  in  peat-pro- 
ducing qualities  between  the  marshes  of  the  prairie  districts 
aud  those  of  the  mora  rolling  woodland  tracts  of  the  county. 


UNIYBBSITY  OF  MINNESOTA.  165 

At  Alden  village,  in  the  midst  of  the  open  prairie,  the 
peat  of  a  large  marsh  rose  to  the  surface  and  floated,  when, 
for  certain  purposes,  the  marsh  was  flooded.  The  water 
now  stands  ten  feet  deep  below  the  floating  peat,  which  is 
about  three  feet  thick. 

At  Freeborn  peat  is  now  being  taken  out  on  John  ScoviU's 
land.  Here  it  is  eight  feet  thick,  two  rods  from  the  edge, 
and  it  is  probably  much  thicker  toward  the  center  of  the 
marsh.  That  below  the  surface  of  the  water  now  standing 
in  the  drain  is  too  pulpy  to  shovel  out ;  and  after  being 
dipped  out  and  dried  on  boards,  it  is  cut  into  blocks  and 
hauled  to  town.  Thai  above  the  water  is  more  fibrous,  and 
'Can  be  taken  out  with  a  spade  in  convenient  blocks.  Yet 
the  level  of  the  water  varies,  and  that  datum  is  not  constant. 
It  appears  as  if  there  were  here  a  stratum  of  more  fibrous 
peat  that  separates  from  the  lower,  about  20  inches  thick, 
and  floats  above  it  at  certain  times.  In  the  peat  at  this 
place  u  sound  Elk  horn  was  taken  out  at  the  depth  of  6  feet. 

There  is  a  large  peat  marsh  in  sec.  11,  Hay  ward,  owned 
by  non-residents. 
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REPORT  ON  THE  GEOLOGY  OF  MOWER 

COUNTY.  ' 


Qituaiion  and  Area. 


This  county  borders  on  the  State  of  Iowa.  It  is  bounded 
west  by  Freeborn  county,  north  by  Dod«i:e  and  Olmsted, 
and  ^ast  by  Fillmore.  It  has  Mitchell  county  on  the  south, 
in  Iowa.  Its  shape  is  very  nearly  that  of  a  rectangle,  (5 
towns  east  and  west,  and  4  towns  north  and  south),  b>it  it 
lacks  the  northern  line  of  sections  in  the  northeast,  across 
two  towns.  These  sections  were  set  off  to  Olmsted  county 
when  Austin  was  made  the  county  seat.  It  has,  therefore, 
about  708  square  miles,  or  more  exactly,  455,204.81  acres, 
according  to  the  records  ot  the  State  laud  office. 

Natural  Drainage. 

The  Cedar  river  crosses  this  county  from  north  to  south, 
through  the  western  line  of  towns,  its  point  of  exit  being 
exactly  south  from  its  point  of  entrance.  Its  chief  tributa- 
ries from  the  east  are  Dobbin's  creek,  Rose  creek.  Otter 
creek  and  Robert's  creek.  From  the  west  it  receives  Or- 
chard  creek  and  Turtle  creek.  Thus  the  whole  of  the  west- 
ern halt  ot  the  county  is  drained  into  the  Mississippi, 
through  Iowa.  The  southeastern  portion,  also,  is  drained 
toward  the  south,  through  the  sources  of  the  Little  Cedar, 
the  Wapsipinicon  and  the  Upper  Iowa  rivers.  The  north- 
eastern  portion  of  the  county  is  drained  by  the  head  waters 
of  the  Root  river  toward  the  north  and  east.  This  river 
flows  eastward  through  Fillmore  and  Houston  couutied,  into 
the  Mississippi  near  La  Crosse.  The  divide  betweeu  streams 
lunning  north  and  those  running  south  crosses  Mower 
county  from  SE.  to  NW.  nearly  through  the  center,  and 
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includes  some  of  the  highest  land  in  that  portion  of  the  State. 
The  highest  point  in  the  county,  on  the  Southern  Minne- 
sota R.  Rm  is  in  Sec.  13,  T.  103,  R.  16  W.,  and  that  is 
738  feet  above  Mississippi  at  Orand  Crossing,  or  1352  feet 
above  tide  water. 

These  streams  are  all  small,  and  some  of  them  become 
nearly  dry  during  the  summer.  Some  of  them  furnish 
water  power  at  a  number  of  places.  This  has  been  im- 
proved on  the  Upper  Iowa  at  Le  Roy,  and  on  the  Cedar  at 
Ramsey,  Austin,  and  at  several  places  below  Austin,  in  the 
construction  of  flouring  mills. 

Surface  Features. 

The  county  is  distinctively  one  of  prairie,  yet  has  a  con- 
siderable timber  along  the  streams.  This  is  particularly  the 
case  along  the  Upper  Iowa  in  the  southeastern  part  of  the 
county,  along  the  eastern  tributaries  of  the  Root  in  Frank- 
ford,  and  along  the  Cedar  crossing  the  whole  width  of  the 
county.  There  is  also  an  important  tract  ot  timber  in 
Nevada  township.  The  highest  portions  of  the  county  are 
entirely  destitute  of  trees.  They  consist  of  a  wide  expanse 
of  undulating  prairie.  The  southern  towns  of  Lyie,  Nevada 
and  Adams  may  be  characterized  as  flat.  The  same  is  true 
ot  the  most  of  the  supposed  Crttaceous  area.  The  summit  of 
the  principal  N W.  and  SE.  watershed  is  formed  by  the  Lower 
Devonian,  with  the  strike  of  which  it  substantially  cor- 
ri'sponds.  Toward  the  east  from  this  summit  the  valleys 
of  the  streams  running  in  that  direction  haviB  been  deeply 
cut  out,  yet  not  revealing  any  rock.  They  are  wide,  and 
their  natural  scenery  is  often  very  fine,  as  the  view  of  the 
low  expanse,  wooded  more  or  less,  first  appears  before  the 
traveler.  The  western  portion  of  the  county  is  considera- 
bly below  the  central  and  eastern.  This  is  owing  to  the 
valley  of  the  Cedar,  the  effect  of  which  is  felt  over  a  wide 
belt,  in  depressing  the  general  level.  The  following  points 
of  elevation  above  the  ocean  are  derived  from  the  profile  of 
the  Southern  Minnesota  R.  R.  by  O.  D.  Brown,  Engineer : 

Grand  Meadow,  (Sec.  14,  T.  108,  R.  15) 1826  feet. 

Sec.  18,  T.  108,  B.  IG Ii02  feet. 

Ramsey,  (Grade  of  the  Milwaakee  &  St.  Paal  R.  R.) 1288  feet.* 

Haywardl 1240  feet. 

•  Id  the  report  for  187S  thie  erotiing  li  glyen  «l  693  feet  aboye  the  Uln.  R.  at  La  OtoeK,  Uie 
datum  line  of  the  B.  M.  B.  R.  oa  the  aathorttj  of  Chief  Englnerr  H.  W,  Hollcj.  Ad4liog  01i 
feet  makee  1207  feet  for  Ito  hlgbt  aboye  the  ooeaa. 
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The  following  were  derived  from  the  Milwaukee  and  St. 
Paul  B.  R.  through Angst,  Chief  Engineer : 

Madison 1127  feet. 

Ramsey -••*.     1098  feet. 

Lyle 1075  feet. 

The  fdllowing  minutes,  touching  the  surface  features,  are 
based  on  an  examination  ot  the  township  plats  of  the  gov- 
ernment surveyors,  on  record  in  the  land  office.  The  county 
was  surveyed  in  1853.  There  is  not  a  lake  of  any  impor- 
tance in  the  county,  and  but  few  marshes. 

LeJioy.    (101,14)— East  half. 

The  Upper  Iowa  river  crosses  diagonally  the  southern 
portion  of  this  town,  and  introduces  a  belt  of  undulating 
and  mora  or  less  timbered  land,  about  two  miles  in  width. 
Some  of  the  thickets  are  very  dense,  but  generally  the  tim- 
ber is  scattering.  The  remainder  of  the  town  is  prairie, 
with  a  large  slough  covering  portions  of  sees.  5  and  8. 
There  is  a  ** second  bottoms"  noted  in  sec.  18,  and  John 
Priest's  house  in  sec.  36.     Macrnetic  Yariation  9^  12'  to  10^. 


■o' 


Bennington.     (1U2,14.) 

In  the  center  of  this  town  is  one  of  the  sources  of  the 
Root  river,  a  y- shaped  slough,  with  an  outlet  toward  the 
east.  The  whole  town  is  prairie.  Mag.  Var.  8^  15'  to  12^ 
30',  the  former  in  sec.  6,  the  latter  in  sec.  3. 

Frank/ord.     (108.14.) 

This  town  is  about  equally  divided  between  prairie  and 
openings,  the  former  being  the  SW.  portion  and  the  latter 
the  NE.  portion.  The  timber  is  generally  small,  and 
often  scattering.  There  is  a  marsh  in  sec.  9,  and  settle- 
ment was  begun  in  NE.  corner  of  sec.  1.  Mr.  L  Patchtn, 
of  Frankford,  was  one  of  the  fir^t  settlers.  Mug.  Var.  7^ 
(in  sec.  7)  to  12^  15'  (in  sec.  36.) 

liacine.     (104,14.) 

There  is  a  belt  of  openings,  and  undulating  land  along 
the  southern  line  of  this  town,  caused  by  the  tributaries  of 
the  Boot  river,  and  other  areas  of  sparse  timber  and  brush  iu 
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8ec8.  10»  8  and  7,  but  the  greater  portion  is  of  prairie.  It 
oontainB  but  Mttle  marsh.  Var.  6^  57'  to  IP  15'.  Mr.  J. 
McQuillan  was  the  earliest  settler  in  Racine.  The  same 
year  Mr.  L.  Patchiu  settled  at  Fr&nkford  and  laid  out  the 
village. 

Le  Roy.     (101,15)— West  half. 

This  town  consists  almost  entirely  of  prairie.  The  Up- 
per Iowa  river  in  the  eastern  portion  introduces  some  diver- 
8ity  of  sartace,  and  some  timber.  There  is  also  a  small  area 
of  similar  land  in  the  NW.  cornerof  the  town.  The  head- 
waters of  the  Wapsipinicon  are  in  sec,  32,  and  drain  a  long, 
narrow  marsh,  that  extends  two  miles  further  north.  The 
most  of  this  town  is  prairie  land.     Mag.  Var.  8^  34'  to  9^ 

Clayion.     (102,15.) 

This  is  a  high  prairie  town,  the  drainage  from  it  being  to 
the  SW.,  SE.,  and  NE.     Mag.  Var.  7^  39'  to  9^  V. 

Grand  Meadow.     (103,15.) 

This  township  is  all  prairie.  There  is  a  slough  with  some 
standing  water  in  sees.  17  and  20.  Several  of  the  high 
tributaries  of  Root  river  drain  the  eastern  portion,  introduc- 
ing but  little  diversity  of  surface.  Mag.  Var.  7^  35.  to  8^ 
25'. 

Pleasant  Valley.     (104,15.) 

Except  very  small  areas  in  the-  NE.  and  N W.  corners  of 
this  town,  it  is  entirely  taken  up  with  excellent  prairie  land. 
Those  exceptions  are  small  tracts  of  undulating  and  brushy, 
or  sparsely  timbered  land,  along  the  tributaries  ot  the 
north  fork  of  Root  river.     Var.  7^  5^  to  tP  55\ 

Adams.     (101,16.) 

Through  the  central  and  northeastern  portions  of  this  town 
run  the  headwaters  ot  one  ot  the  tributaries  of  the  Cedar 
river,  causing  a  belt  of  diversified  country,  widening  to  the 
north,  and  spreading  into  the  northeastern  part  of  the  town. 
On  the  east  and  west  of  this  belt  is  prairie  land.  Mag.  Var. 
8^  43'  to  10<^  5'. 
22 
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Marshall.    (102,16.) 

In  the  Dorihwebtern  porlion  of  this  town  Rose  creek  in- 
troduces the  usual  variety  of  surlaco  attending  drainage  val- 
leys. Other  areas  of  the  same  are  in  sees.  34  and  36.  The 
rest  is  prairie.     Mag.  Var.  7^  53'  to  9°  16'. 

Dexter.     (103,16.) 

The  southern  part  of  this  town  is  diversified  ]  by  Boae 
creek,  otherwise  it  is  a  prairie  with  drainage  to  the  N.  and 
W.     Var.  70  26'  to  8"^  30^. 

Sargent*     (104,16.) 

This  is  of  prairie,  except  in  the  eastern  portion,  where  the 
valley  of  one  of  the  upper  tributaries  of  Root  river  causes  an 
undulating  belt  with  some  timber.  This  belt  runs  N£., 
and  is  about  a  mile  wide.     Var.  7^  47'  to  8^  $5'. 

Nevada.     (101,17.) 

This  town  is  mainly  prairie,  perhaps  one-fifth  of  the  whole 
area,  situated  in  the  southwestern  quarter,  being  openings, 
and  more  undulating.     Var.  7°  32'  to  9°  45'.^ltoA^  _     ^ 

W%nd<m.     (102,17.) 

The  southern  and  central  portions  of  this  town  are  prairie 
— a  wide  strip  along  the  west  side,  and  a  narrow  one  along 
the  eastern,  being  more  wooded.  Rose  creek  crosses  it 
from  NE.  to  SW.  It  contains  no  lakes  nor  marshes.  Var. 
70  24'  to  100  6'. 

Hedrock.     (103,17.) 

The  eastern  half  of  this  town  is  prairie,  the  western  half 
openings,  with  small  timber  and  brush.  Mag.  Var.  7^  9'  to 
8°  69'. 

WaUham.     (104,17.) 

This  town  is  mainly  prairie,  the  only  exception  being 
about  the  streams  in  the  SW.  quarter  Mag.  Var.  7^  35'  to 
8^  85'. 
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LyU.     (101,18.) 

This  township,  being  crossed  by  the  Cedar,  enjoys  all 
the  variety  of  soil  and  surface,  as  well  as  the  timber  which 
uniformly  accompany  the  principal  drainage  courses.  A 
belt  of  timber  along  the  east  side  of  the  Cedar  crosses  the 
center  of  the  town  from  north  to  south  about  a  mile  in 
width.  The  prairie  on  the  west  side  runs  to  the  very  river. 
A  wet  meadow,  or  slough*  occurs  in  sections  8  and  17,  and 
another  in  sec.  2.     Mag.  Var.  %""  5V  to  9"^  54'. 

Austhi.     (102,18.) 

The  western  half  of  this  town  is  prairie  reaching  up  ta 
the  river.  The  easterj  half  is  more  wooded  and  broken. 
There  is  also  a  patch  of  prairie  in  the  SB.  corner  south  of 
Bose  creek.  Dobbin  and  Nichols  wera  early  settlers  in  the 
SE.  corner.  According  to  Mr.  Patchin,  of  Frankford^ 
Leveridge,  was  the  earliest  settler  at  Austin.  Mag.  Var. 
6'^  5V  to  9^  42'. 

Lansing.     (103,18.) 

There  is  a  small  area  of  prairie  in  the  northern  part  of  this- 
town,  but  the  most  of  it  when  surveyed  was  taken  up  with 
openings  with  scattered  trees  and  brush.  In  the  SW. 
quarter  of  the  town  is  a  long  marsh  drained  into  the  Cedar. 
It  is  about  three  miles  in  length  and  a  quarter  of  a  mile 
wide  running  SE.     Mag.  Var.  7°  9'  to  8*^  40^ 

Udolpho.     (104,18.) 

A  belt  of  undulating*  and  more  or  less  timbered,  land 
crosses  this  town  from  N.  to  S.  accompany ing  the  east  shore 
of  the  Cedar  river.  It  is  about  two  miles  in  width,  increas- 
ing to  four  miles  in  the  north.  A  small  area  of  similar  land 
IS  found  covering  portions  of  sections  80,  81,  and  32.  An 
important  marsh  also  occurs  in  sees.  27  aud  34.  Var.  7^ 
36'  to  9*  26'. 

Soil  and  Timber. 

The  soil  of  Mower  county  is  everywhere  dependant  on  the 
nature  of  the  drift.  The  underlying  rock  has  only  affected 
it  so  far  as  it  may  have  mingled  with  the  general  mass.     It 
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18  hence  primarily  a  gravelly  clay,  that  being  the  character 
of  the  subsoil  throughout  the  county.  This  gravelly  clay, 
however,  is  not  now  prominently  displayed  as  the  immediate 
soil  of  the  surface.  Indeed  the  farmer  in  plowing  rarely 
penetrates  to  it.  It  lies  below  a  rich  loam  usually,  at  depths 
varying  from  zero  to  two  or  three  feet,  or  even  more.  The 
surface  itself,  which  has  resulted  from  it  through  the  agency 
of  the  forces  of  the  atmosphere  and  of  vegetation,  is  of  a 
dark  color,  and  in  general  may  be  designated  a  clayey  loam, 
or  a  sandy  loam,  depending  on  the  nature  and  completeness 
of  the  local  drainage.  In  low  grounds  this  loam  is  thick 
and  of  a  dark  color.  It  is  also  apt  to  be  more  clayey  iu  low 
ground  than  it  is  on  the  hillsides  or  slopes  adjoining:  and  on 
high  hills  or  steep  slopes  it  is  thin  or  wanting,  the  wash  of 
ihe  surface  having  carried  it  into  the  valleys.  Along  streams 
it  oiten  consists  of  an  arenaceous  loam,  variously  mingled 
with  the  detritus  of  the  flood  plain. 

The  soil  of  the  county  is  everywhere  characterized  by  the 
strength  and  fertility  that  the  drift  soils  of  the  northwest  are 
noted  for.  They  are  the  most  reliable  soils  for  all  the  pur- 
poses of  the  farmer  that  are  known.  The  states  that  are 
regular!}'  and  deeply  buried  iu  drift  deposits  are  known  as 
the  best  farming  states  of  the  Union.  Certain  rock- soils, 
^endowed  with  unusual  special  qualities,  may  excel  in  the 
production  of  certain  crops,  especially  in  favorable  seasons, 
but  for  general  tillage  they  cannot  compete  with  the  homo- 
geneous drift  soils,  through  which  are  disseminated  the  good 
qualities  of  the  various  rocks  concerned  in  their  production, 
in  the  proportions  that  make  stability  and  diversity  equally 
certain. 

In  the  examination  of  the  county  the  native  varieties  of 
trees  and  shrubs  were  noted,  and  the  following  list  com- 
prises  the  species  that  were  seen.  In  respect  to  the  trees  it 
is  probably  nearly  complete  for  the  county,  but  there  are, 
doubtless,  other  species  of  shrubs : 

Trtes  and  Shrubs  of  Mower  CourUy. 

Barr  Oak.    Quercus  macrocarpa.    Michx, 

Red  Oak.    Quercas  rubra.    L.    (Not  folly  identified.) 

Aspen.    Populas  tremuloldes.    MUhx> 

American  Elm.    Ulmus  Americana.    (PL  ClayU)  WUd, 

Different  species  of  Willow.    Salix, 

Hazelnut.    Cory  las  Americana.     WalU 

Sumac.    Rhus  glabra.    L, 

Ironwood.    Ostrya  VIrglnica.     Willd, 

Bass.    Tilla  Americana.    L. 
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Elder.    Sambacas  Canadensis.    L. 

Wolf  berry.    Symphoricarpus  occldentalls.    B.  Br. 

Prickly  Gooseberry.    Ribes  Cynosbati.    L, 

Cornel.    Comas  (sp.  ?) 

American  Crab.    Fyrus  coronaria.    Z. 

Red  Osier  Dogwood.    Cornas  stolonifera.    Michx. 

Alder.    Alnus  incana.     Willd, 

Cottonwood.    Populus  monllifera.    AU. 

Tbomapple.    Crataegus  cocclnea. 

Wild  Plam.    Pranas  Americana.    Marsh. 

Black  Cberry.    Praous  serotina.    Ehr. 

Frost  Grape.    Vltis  cordifolla.    Michx. 

Bittersweet.    Celastrus  scandens.    L. 

Black  Carraot.    Kibes  floridnm.    L. 

Wild  Rose.    Rosa  blanda.    AU. 

Cocks  pur  Thorn.    Crataegus  crus-galli.     L. 

White  Ash.    Fraxlnns  Americana.    L. 

Sbag-bark  Hickory.    Carya  alba.    ^uU. 

[Ac  Lansing,  and  in  the  valley  of  the  Cedar,  one  foot  in  dlanw 
eter.] 
Sugar  Maple.    Acer  saccharlnum.     Wang. 
Bltternut.    Carya  amara.    NtUt. 
Butternut.    Juglans  cinerea.    Z. 
White  Pine.    Pinus  Strobus.    L. 

[Along  the  rocky  banks  of  the  streams  in  the  eastern  part  of  thu 
county.] 
Slippery  Elm.    Ulmus  fhlva.    MicJix. 
Black  Ash.    Fraxlnus  sambuclfolia.    Lam. 
High  Bush  Cranberry.    Viburnum  Opulus.    L, 
High  Blackberry.    Rubus  vlllosus.    AU. 
Cedar.    Juuiperus  Vlrglnlana.    L. 

The  Geological  8tructui*e. 

Of  the  older  rocks  the  lower  portion  of  the  Devoaian  aad 
the  upper  porliou  of  the  Silurian  are  found  within  the 
county  dipping  towardn  the  southwest.  The  western  por- 
tion of  the  county  is  known  to  be  immediately  underlain  by 
the  Lower  Cretaceous,  without  ascertainable  eastern  limits. 
The  accompanying  geological  map  of  the  county  exhibits 
the  areas  ot  these  formations  as  nearly  as  can  be  judged  by 
the  data  known.  The  cock  is  nearly  every  where  hid  by 
thedriUand  for  that  reason  the  actual  positions  of  the  bound- 
aries are  unknown.  It  is  quite  possible,  indeed  probable, 
that  the  Cretaceous  area  exiends  further  east,  with  a  broken 
and  very  tortuous  eastern  boundary.  It  occurs  in  counties 
further  east.  In  regard  ttj  the  separation  between  the  lime- 
stones of  the  Lower  Devonian  and  the  Upper  Silurian,  none 
has  yet  been  discovered.  It  is  simply  known  that  a  vast 
limestone  formation,  the  upper  part  of  which  lies  under  Free- 
born county  iiext  on  the  west,  extejuUs  also  under  Mower, 
and  appears  conspicuously  along  the  banks  of  the  streams 
in  the  eastern  portion.     No  characteristic  fossils  tiave  yet 
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been  seen  in  it  id  Mower  county,  hut  those  that  characterize 
ihe  Hamilton  were  seen  in  it  near  Northwond  in  Iowa.    The 
limestone  seen  at  Le  Roy  is  lithologically  different    from 
that  which  occurs  at  Frankford  and  resembles  the  Hamilton 
seen  at  Northwood.     While  lithological  distinctions  are  not 
reliable  always,  especially  after  long  intervals,  yet  at  pres- 
ent this  is  the  only  reason  known,  so  far  as  Mower  county 
is  concerned  for  sepaiating  that  at  Frankford  from  that  at 
Le  Roy.     In  Ohio  and  Illinois  there  is  an  arenaceous  forma- 
tion (the  Oriskany)  between  the  Devonian  limestones  and 
the  Silurian,  and  it  distinctly  marks  that  horizon.     While 
in  the  lower  Devonian  some  arenaceous   layers  have  been 
obt^erved  in  Iowa,  the  Oriskany  has  not  been   indentified 
there,  and  probably  it  cannot  be  depended  on  in  Minnesota 
to  mark  the  separation  between  the  Upper  Silurian  and  the 
Devonian.     In  the  absence  of  good  exposures  of  these  lime- 
stones in  the  county,  it  is  only  possible  to  lay  down  approx- 
imately the  boundary  line  between  them,  and  that  is  all  that 
has  been  attempted  on  the  accompanying  map. 

The  Cretaceous. 

The  principal  exposures  of  the  Cretaceous  arc  found  in  the 
valley  ol  the  Cedar,  at  Austin,  and  from  there  to  the  state 
line.  The  quarry  of  Simon  Alderson,  at  Austin,  is  in  the 
left  bank,  of  the  Cedar,  and  exposes  about  ;!0  feet  of  the 
bedding.  Much  of  the  stone  is  broken  and  disturbed,  and 
lies  in  fine  clay  which  seems  to  have  been  jammed  into  all 
the  cracks  and  other  openings  in  the  rock.  The  beds  here 
show  sudden,  broken-down  places,  in  which  this  clity  is 
deposited  instead,  the  rock  being  wanting  for  three  or  four 
feet  horizontally.  The  stone  is  much  more  entire,  and  uni- 
form in  all  its  characters  at  greater  depths,  some  slabs  five 
and  six  feet  long,  by  three  feet  wide,  and  three  or  four 
inches  thick  being  taken  out.  These  have  a  very  even, 
fine  grain,  and  a  handsome  blue  color.  This  stone  is  in  its 
natural  color,  light  blue,  and  that  color  shows  on  most  of 
the  quarried  blocks  about  the  heart  of  the  bedding ;  and  on 
deep  quarrying  it  would  doubtless  show  only  a  blue  color. 
Yet  the  stone  seen  about  the  city  is  very  generally  of  a  buff 
color,  to  the  depth  of  half  an  inch  to  three  inches,  depending 
on  the  amount  of  weathering  and  oxydation.  The  thinner 
beds  are  altogether  changed  to  that  color.  The  presence  ot 
occasional  concretionary  iron-and-mud  balls  causes  a  rusty 
stain  of  a  yellow  color  over  the  surface  of  many  of  the  slabs. 


UNIVKRSITY  OF   MINNESOTA.  175 

These  concretionary  balls  fall  out,  or  dissolve  out,  when  in  the 
water,  and  leave  cavities  which  become  larger  still.  Besides 
these,  which  are  not  common  in  the  compact  portion  of  the 
stone,  but  are  oftenest  seen  among  its  thin  beds,  there  are 
also  cavities  disclosed  by  the  fracture  of  the  homogeneous 
thick  beds.  These  are  sometimes  perfectly  empty,  but  often 
contain  loose,  friable  matter,  easily  picked  out,  but  not 
•differing  in  color  or  grain  trom  the  mass  of  the  rock.  At 
other  times  such  cavities,  revealed  on  the  fracture  of  the 
stone  are  lined  with  a  perfect  coaling  of  Jrusy  crystals  which 
are  white,  and  as  hard  as  quartz,  though  sometimes  covered 
with  iron-rust,  so  as  to  present  a  red  or  black  exterior.  The 
texture  of  the  stone  itself  is  usually  close,  and  the  grain  is 
homogeneous.  Some  large  slabs  and  blocks  rre  sawn  for 
bases  to  tombstones,  and  worked  down  to  a  very  smooth 
surface.  It  is  more  safely  sawn  to  any  desired  dimension 
than  cut  or  broken,  since  it  fractures  treacherously ;  yet  it 
is  not  in  the  least  crystalline.  Its  aspect  at  a  distance  is 
that  of  a  fine-grained  sandstone ;  yet  it  contains  no  apparent 
grit.  It  is  so  soft  that  it  can  be  cut  without  difficulty,  ap- 
pearing much  like  an  unusually  indurated  blue  shale,  but  it 
hardens  in  use  and  becomes  a  very  enduring  and  useful  ma- 
terial for  building.  It  contains,  but  very  sparinglv  a  few 
molluscous  fossils,  too  much  absorbed  to  be  identified,  though 
one  has  the  general  form  of  a  Gryphaea.  This  description 
of  the  stone  applies  equally  well  for  the  stone  taken  out  at 
other  quarries  further  down  the  valley,  as  mentioned  below. 
In  the  vicinity  of  Mr.  Alderson's  quarry,  perhaps  fifty 
rods  distant,  and  about  14  feet  higher,  this  stone  was  struck 
in  making  an  excavation  for  the  erection  of  a  brewery.  It 
here  rose  within  two  or  three  feet  of  the  surface.  Tne  beds 
were  thin,  broken,  and  of  a  buff  color.  Enough  stone  was 
here  obtained,  in  the  excavation  of  a  small  vault,  tor  the  ma- 
Bonry  appertaining  to  the  brewery.  The  rock  was  here 
overlain  by  the  following  section  of  clays. 

No.  1.    Black  sandy  loam  and  soU......* 2  to  4  feet 

No.  2.    Band  of  red  and  variegated  compact  clay 6  in.  to  4  feet. 

No.  8.    Yellow  ocherons  band  of  clay 6in.to4feet 

The  superposition  of  these  bands  of  clay  is  not  so  regular 
as  indicated  by  the  foregoing  section  :  occasionally  No.  3  is 
broken  through  or  is  wanting,  and  No.  2  lies  on  the  rock,  or 
passes  down  into  its  crevices.  Yet  No.  3  is  generally  the 
first  over  the  rock.  They  vary  in  thickness  and  swell  out 
in  shapeless   masses  oi  hard  clay.     Such  hard  masses  are 
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seen  sometimes  to  embrace  bits  of  angular  earthy  rock, 
much  like  ochre,  varyiug  in  color  from  a  dark,  burnt-umber 
color  to  a  lighter  shade,  even  to  buff,  and  appearing,  when 
of  a  lighter  color,  much  like  the  mass  of  No.  3.  They  can  be 
scratched  easily  with  a  knife,  and  however  black  they  may 
be  they  give  a  red  haematite  streak.  When  they  are  faded 
the  streak  also  fades  into  a  brown  or  yellowish  brown  like 
limonite.  Intermingled  very  irregularly  with  No.  2  and 
sometimes  also  with  No.  3  are  masses  of  greenish  clay  which 
has  in  every  other  respect  the  same  outward  characters  as 
No.  2.  There  are  here  also  largo  crystalline,  detached 
masses  ol  apparently  a  siliceous  limestone  which  is  very 
hard  and  close-grained.  In  some  cases,  however,  this 
varies  to  a  porous  and  nearly  white  limestone  that  appears 
to  be  very  pure.* 

At  Austin  angiospermous  leaves  weie  obtained  from  this 
stone  in  the  digging  of  a  well  by  Mr.  L.  6.  Basford.  After 
passing  through  soil  and  loam  three  or  four  feet,  and  clay 
about  20  feet,  the  rock  was  struck  and  penetrated  by  remoT  - 
ing  the  upper  layers,  a  thickness  of  about  eight  feet.  Two 
species  ot  fossil  leaves  were  found  in  the  layers  thus  entered. 
One  appears  like  Ficua  primbrdialis.  Hr.,  as  figured  in 
•'ic«  PhyUiies  Creiacees  du  Nebraska  par  M.  M.  les  prof. 
J.  Capelini  et  O.  Heei ,"  and  the  other  is,  according  to  Dr. 
J.  S.  Newberry  to  whom  a  protographic  copy  was  submiitedt 
probaby  a  species  of  Sequoia^  a  gymnosperm  of  the  pine 
family  known  as  «*  Bedwood.  " 

At  the  mill  of  J.  Gregson,  about  two  miles  below  Austin, 
a  great  deal  of  stone  has  formerly  been  taken  out,  but  now 
the  quarries  of  that  neighborhood  are  nearly  all  flooded  by  the 
water  of  the  dam.  The  chief  quarry  was  just  above  the 
present  site  of  the  mill  and  near  the  dam  on  the  lelt  side, 
though  just  below  the  dam  the  rock  shows  on  both  sides  and 
has  also  been  wrought.  At  this  point  Bosenberry  and 
Miner  have  a  quarry  on  the  right  banks,  and  a  perpendicu- 
lar bluff  of  the  beds  occurs  near  the  roadside,  below  the 
mill  on  the  left  bank.  The  exposed  section  at  Bosenberry 
and  Miner's  is  as  follows,  in  descending  order : 

*  la  oooneeUon  with  this  dewripilon  of  Umcitone  manes,  It  la  intereallDg  to  note  tlie  ocenr- 
r«iMM  aft  8t.  Oharlca,  ^  Inona  Ooontjf ,  of  hard  lUioeoQs  Umealone  maawa  od  the  aoxfaoe  of  Um 
ground,  appearing  yery  much  like  thoae  embraced  In  thia  elaj. 

The  reader  k  also  rtferred  to  the  O^oiogieal  Btpori  en  th€  Mmplaration  of  th€  Blade 
SUl9  utuler  &m.  O.  A,  Cutter ^  in  1874  for  farther  tnformatkm  on  the  dlalrlhntlon  of  foreign 
limestone  masies  In  Dakota. 
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No.  1.    Black  loamy  soil 7  to  8  feet. 

No.  2.    Loose  Aragments  of  the  underlying  beds  and  clay 

mixed 3  feet. 

No.  3.    Heavy  stone  like  that  described  at  Austin,  clay  fill- 
ing the  open  planes  and  joints 10  to  12  feet. 

No.  4.    Rusty  bituminous  films i  to  1  inch. 

[On  the  authority  of  the  owners  of  this  quarry  to 
thi8  section  may  be  added  the  following :] 
No.  5.    Limestone,  filled  with  shells,  blue,  contains  flint, 

makes  lime,  penetrated 2  feet. 

'  The  bedding  of  No.  8  is  here  broken  in  a  manner  similar 
to  that  of  Alderson's  quarry  at  Austin.  The  corners  and 
angles  of  the  beds  are  replaced  by  clay  and  the  color  of  the 
stone  is  changed  from  blue  to  buff  or  drab,  to  the  depth  of 
about  two  inches. 

Some  years  ago  the  rock  was  worked  by  Dr.  Bams,  of 
Austin,  about  half  a  mile  above  Gregson's  mill.  This  quarry 
is  now  almost  entirely  flooded  by  the  dam.  The  abutments 
of  the  upper  bridge,  at  Austin,  came  from  this  quarry,  in 
part.  Judge  Ormanzo  Allen  owned  a  quarry  still  above 
Barns'  that  was  also  considerably  flooded  by  the  same  means. 
The  quarry  most  worked  was  just  above  the  mill,  owned  by 
M.  J.  Woodson.  It  is  now  entirely  under  water.  Stone  is 
still  taken  out,  however,  all  along,  both  above  and  below 
Gregson's.  The  beds  at  Gregson's  show  very  nearly  the 
same  characters  as  at  Austin.  The  descent  ot  the  stream  is 
over  about  fourteen  feet  of  rock,  the  layers  of  which  are 
sometimes  two  feet  or  more  in  thickness,  or  massive,  much 
like  an  indurated  shale.  In  weathering,  these  thick  beds 
are  checked  by  planes  running  mainly  horizontal,  instead  of 
perpendicular  or  diagonal.  Although  mainly  horizontal 
these  planes  are  apt  to  unite  aiter  a  few  feet,  splitting  up 
the  heaviest  beds  into  wedging,  lenticular  masses.  Some 
parts  are  here  plainly  calcareous,  affording  traces  of  fossil 
remains  that  have  the  appearance  ot  brachiopoda.  These 
portions  are  porous  as  if  by  the  absorption  of  fossils. 

Mr.  M.  J.  Woodson  now  works  a  quarry  about  i  mile 
above  Gregson's  mill,  some  distance  from  the  river,  pump- 
ing  by  windmill  the  water  out  of  a  slough  in  which  the 
beds  are  exposed.  A  small  creek  passcb  through  here,  and 
this  slough  seems  to  be  an  expansion  of  the  valley,  retarding 
the  water.  The  rock  is  here  entirely  below  the  water,  and 
is  nearly  all  blue,  and  in  that  respect  appears  well. 

At  the  mouth  of  Rose  creek  about  the  same  thickness  of 
the  same  kind  of  stone  can  be  seen  in  the  bed  and  banks  of 
the  creek.     A  fine  exposure  is  owned  by  J.  D.  Woodard  in 
23 
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tho  right  bank  of  Bose  creek  near  the  croRsing  of  the  road 
from  Austin  to  Officer's  milU  perhaps  a  mile  above  its  union 
with  Cedar.  It  is  again  seen  above  Officer's  on  the  land  of 
Col.  Lewis,  on  the  east  bank. 

At  W.  H.  Officer's  mill,  the  left  bank  of  the  river  shows 
about  20  feet  of  bedding.  This  is  one  mile  below  Uose 
creek.  South  of  this  mill  rock  ot  the  same  kind  is  seen  at 
a  number  of  places  before  reaching  the  State  line.  At  two 
miles  below  Office! 's  it  is  quarried  on  B.  B.  Foster's  lanc|^; 
and  on  Mrs.  John  Niles',  three-fourths  of  a  mile  below  Fos- 
ter's, on  the  west  side  of  the  river.  Just  below  the  State 
line  is  Alderson's  mill,  where  it  is  again  exposed.  At  Offi- 
cer's, the  water  power  is  8  feet.  It  is  13  feet  at  Gregson's 
and  10  feet  at  Austin.  Between  Austin  and  Lyle  the  country 
is  apparently  a  perfectly  level  prairie,  and  is  doubtless  closely 
underlain  with  the  same  rock  as  at  Austin. 

Two  miles  east  of  Officer's  mill  a  farmer  struck  the  same 
rock  in  two  separate  wells  on  his  farm,  in  one  at  the  depth 
of  three  feet  and  in  the  other  at  eleven. 

Dobbin's  creek,  which  joins  the  Cedar  at  Austin  from  the 
NE.,  furnishes  a  water-power  of  14  feet  by  dam,  where  a 
mill  is  erected.  A  quarry  in  the  left  bank  of  this  creek 
shows  the  same  rock  as  already  described  at  Austin  in  the 
Cedar.  The  bluffs  of  the  creek  just  below  the  mill  are  about 
30  feet,  and  show  about  20  feet  of  rocfi:.  The  beds  are  in 
every  place  greatly  broken,  and  in  some  cases  displaced. 
The  rock  is  parted  into  blocks  of  varying  size,  according  to 
the  thickness  of  the  layers,  the  uppermost  being  finest. 
Throughout,  the  partings,  and  all  the  interstices  are  closely 
filled  with  a  greenish  clay,  making  the  whole  a  close  and 
almost  impervious  mass.  It  has  very  much  the  aspect  of 
the  Cretaceous  on  the  Silurian,  as  described  at  Mankato, 
(see  the  second  annual  report)  except  that  the  small  cracks 
and  openings  are  here  all  densely  filled  with  the  clay.  The 
clay  also  very  rarely  has  any  distinct  bedding,  but  seems 
rather  to  have  been  jammed  in  to  fill  the  vacancies.  Besides 
the  greenish  clay  which  often  varies  in  color  to  a  red  or  a 
buff,  there  is  also  considerable  white,  clean  sand,  lodged  in 
these  cavities  in  the  rock.  This  pertains  to  no  particular 
horizon,  and  shows  no  definite  arrangement.  It  is  disposed 
everywhere,  just  like  the  clay,  occurring  from  the  top  to  the 
bottom  of  the  bluff — though  perhaps  more  abundant  near 
the  bottom. 

These  two  deposits — ^the  clay  and  the  white  sand — are 
doubtless  the  result  of  destructive  forces  upon  other  portions 
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of  the  Cretaceous.  There  is  presumptive  evidence,  in  their 
being  here  irregularly  mingled  with  a  series  of  beds  that  lie 
nearly  in  sitUf  that  they  are  derived  from  some  overlying 
members  of  the  Cretaceous.  That  evidence  would  be  more 
reliable  if  the  general  dip  of  the  Cretaceous  were  toward 
the  north  or  northwest,  thus  throwing  the  beds  of  the 
quarry  deeper  below  the  surface  in  those  directions  and 
rendering  them  less  susceptible  of  such  disruption  as  would 
expose  the  underlying  members  to  the  glacial  forces.  That 
is  naturally  the  first  inference  on  beholding  the  face  of  the 
bluff.  On  the  contrary  the  actual  dip  of  the  Cretaceous,  if 
it  have  any  at  all,  would  be  in  general  toward  the  south  or 
southwest  at  this  place,  and  the  lower  members  are  thus 
brought  nearer  the  surface  and  within  the  transporting 
agency  ot  the  glacial  forces  at  points  toward  the  north. 
Thus  this  clay  and  sand  may  have  been  brought,  by  the 
action  of  ice,  in  the  glacial  epoch,  from  the  north  or  north- 
west and  deposited  on  the  top  of  an  overlying  rock,  in  the 
same  manner  as  granitic  boulders  are  brought  from  a  granitic 
region  toward  the  north  and  are  spread  by  the  agency  of 
ice,  over  the  Silurian  or  Devonian,  or  even  over  the  Creta- 
ceous, that  overlie,  by  hundreds  of  feet,  the  granitic  beds 
from  which  they  are  derived.  This  clay  and  sand  however 
are  so  fragile  that  they  would  soon  lose  their  identity  in 
being  carried  by  the  mixing  power  of  a  glacier,  and  cannot 
have  been  far  transported.  Indeed  the  area  over  which  the 
beds  ot  the  rock  with  which  they  are  mingled  are  known  to 
extend  unbroken,  without  perceptible  dip  in  any  direction, 
is  quite  as  great  as  they  could  be  carried  by  glacial  action 
and  deposited  in  distinct  and  characteristic  homogeneity. 
There  is  hence  a  strong  probability  that  the  rock  from  which 
they  are  derived  occupies  a  higher  geological  horizon  than 
that  among  the  broken  beds  of  which  they  appear.  This 
white  sand  must  be  the  same  as  that  seen  on  the  Blue  Earth 
and  its  tributaries,  and  on  the  Waraju  in  Brown  county, 
(see  the  second  annual  report  pages  133  and  185.)  It  there 
lies  on  the  Lower  Silurian  unconformably.  Here  it  seems 
to  be  underlain  by  an  older  member  of  the  Cretaceous — the 
Austin  rock.  This  indicates  the  earlier  submergence  of  this 
portion  of  the  State  beneath  the  ocean  of  the  Cretaceous  age, 
and  the  approach  of  the  Cretaceous  ocean  from  the  east  or 
southeast.  As  to  the  relative  ages  of  this  dislodged  clay 
and  white  sand,  there  is  no  way  of  deciding  which  is  the 
older  from  any  certain  evidences  in  Mower  county.  But 
in  Brown  county  there  is  a  bluish-green  clay  that  overlies 
the  white  sand. 
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This  rook  is  also  wrought  on  the  right  bank,  just  abotre 
the  mill  9  showing  here  also  the  same  features. 

At  Sargent's  Spring,  SW.  i  sec.  81,  Bedrock,  there  is 
apparently  an  exposure  of  this  white  sand  below  the  leTel  of 
the  water  of  a  little  pool.  This  place  is  a  local  celebrity. 
Pure,  8oft  water  boils  up  over  the  area  of  about  a  square  rod, 
and  sometimes  over  double  that  area,  and  can  be  seen  issu- 
ing  from  the  ground,  bringing  with  it  clean,  white  sand. 
The  bottom  of  the  pool  prescDts  a  beautiful  appearance. 
The  water  is  as  clear  as  crystal,  and  the  boiling  points  which 
appear  by  reason  of  the  rising  white  sand,  in  the  midst  of 
the  darker  sediment,  can  be  minutely  inspected  at  a  depth 
of  five  or  six  feet.  Running  a  stick  into  the  agitated  sand, 
it  soon  strikes  a  sandrock  which  i&  doubtless  the  source  of 
the  boiling  sand,  and  the  same  bed  that  furnished  that  at 
the  quarry  in  Dobbin's  creek. 

On  the  SE.  i  sec.  12,  Windom,  Mr.  Thomas  Smith  ha<) 
struck  the  Cretaceous  in  making  explorations  tor  coal.  From 
Mr.  Smith  the  following  account  of  his  efforts  was  obtained. 
His  attention  was  first  attracted  by  a  **  scum  that  stood  on 
stagnant  water "  and  by  the  <<mud  brought  up  on  horses 
feet "  in  crossing  the  creek  bottoms.  Having  chosen  a  lo- 
cality along  the  bank  ot  Rose  creek  which  he  judged  suitably 
free  from  water,  he  beoan  to  drift  into  the  bank  of  the  creek 
following  a  bed  of  vegetable  material  that  had  the  appear- 
ance of  old  peat,  but  which  contained  some  coarse  pieces  of 
fibrous  wood.  The  choice  of  this  place  was  altogether  ac- 
cidental, the  desire  being  to  obtain  a  place  free  from  water. 
There  were  no  surface  indications  faToring  coal  at  that  point. 
He  accidentally  came  upon  the  peat  bed.  At  first  the  peat, 
of  which  Mr.  Smith  has  preserved  samples,  and  which  con 
sists  entirely  of  comminuted  vegetable  fibre,  was  only  half 
an  inch  in  thickness.  In  the  coarse  of  the  drift  it  gradually 
thickened  at  70  feet,  to  18  inches  in  thickness.  This  drift 
was  nearly  level,  inclining  a  little  for  the  sake  of  drainage. 
On  the  top  of  this  peat,  pieces  of  wood  which  were  judged 
to  be  of  pine  and  cedar,  of  which  also  Mr.  Smith  has  pieces 
preserved,  were  found  in  abundance.  One  large  piece  was 
two  feet  long  and  ten  inches  in  diameter,  supposed  to  be 
pine.  This  drift  was  about  50  feet  below  the  general  sur- 
face and  6  or  7  feet  above  low  water  in  Rose  creek.  Above 
it  was  a  blue  clay  with  gravel  stones.  Below  it  was  also  a  dark 
blue  clay  with  gravel  stones.  This  peat  seems  to  have  been 
in  a  genuine  ancient  peat  lake,  filled  or  partly  filled,  on  which 
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floated  pieces  of  wood  from  the  surrounding  forest.     The 
whole  was  but  ied  again  by  glacial  deposits  fifty  feet  thick.* 

This  drift  having  been  abandoned  at  80  feet,  a  shaft  was 
sunk  twenty  rods  toward  the  SW.  to  the  depth  of  50  feot» 
meeting  the  same  peat.  This  shaft  passed  through  fifteen 
feet  of  sand,  ten  or  twelve  feet  of  yellow  clay,  and  about  23 
feet  of  gravelly  blue  clay.  Then  east  of  the  drift  40  rods  a 
shaft  was  sunk  on  lower  ground,  but  not  on  the  bottoms, 
though  somewhat  within  the  general  valley.  The  section 
here  was,  as  given  by  Mr.  Smith : 

No.  1.    SoU  and  gravel 5  feet. 

No.  2.    Gravelly  blae  clay 4  or  6  feet, 

No.  8.    Gravelly  yellow  clay 14  feet. 

No.  4.   Blue  clay,  not  gravelly 9  feet. 

No.6.    Brown,  waxy  clay,  fine 6  Inches. 

So,  6.    Rock  with  water,  (Mr.  Smith  says  a  specimen  of  **blae 

slate"  came  from  this  level) 3  feet. 

No.  7.    A  soft  rock  which  fhrnlshed  fine  drillings  that  were 

taken  for '*coar • 4  feet. 

In  this  drill,  the  first  22  feet  of  which  were  a  shaft,  Mr. 
Smith  next  came  upon  a  very  hard  rock,  and  as  all  his  work 
was  done  by  hand  he  did  not  succeed  in  entering  this 
stratum,  nor  in  getting  a  specimen. 

At  Ihis  point  Mr.  Smith  made  efibrts  to  get  help  from  the 
county  commissioners  but  they  declined.  He  next  sank  a 
shaft  forty  feet  in  depth,  about  twenty  feet  from  the  last, 
meeting  about  the  same  materials,  except  that  here  there 
was  no  **blue  clay  not  gravelly,"  and  no  «*fine,  waxy,  brown 
clay."  He  struck  the  rock  at  the  same  depth.  The  bottom 
of  the  **gravelly  yellow  clay"  here  was  hard  "like  brick," 
cemented  by  deposits  from  the  water  which  came  in  from 
below  immediately  after  penetrating  through  it.  This  was 
a  shaft  throughout.     Here  the  work  stopped. 

On  visiting  the  last  shafl  which  was  all  dug,  the  rock 
struck  is  seen  in  fragments  lying  about.  It  is  a  fine  sand- 
stone now  rusty-brown  with  iron,  but  which  on  being  ta&en 
out  was  at  first  of  a  bluish  gray  color,  like  the  deeply  cut 
Austin  stonp.  This  is  somewhat  coarser  than  that  and  more 
loosely  grained,  but  in  every  other  respect  appears  to  be 
the  same  rock. 

*  Tldt  Mftt  WM  tigain  itraok  in  a  bbafi  twenty  rods  rarlb«r  8  W*  from  the  drift,  and  wm  tiiere 
nbonft  a  fool  thiok,  and  abont  the  lame  depth  below  the  surfaoe.  It  wae  met  In  welU  two  and  a 
half  or  three  mllee  northweet,  at  thlrtj'llTe  feet. 
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The  Devonian. 

The  most  westerly  outcrop  of  these  limestones  within  the 
county,  is  that  on  Mr.  Andrew  Robertson's  land,  sec.  86, 
Windom.  The  rock  here  seen  is  course  and  porous,  but 
rather  iirm,  and  very  slightly  exposed.  It  occurs  in  the 
valley  of  a  small  tributary  of  Rose  Creek. 

The  quarries  at  Le  Roy  are  owned  by  Joseph  Brevier, 
Judson  A.  Palmer,  Stephen  Drowne,  and  the  heirs  of  L. 
Johnson. 

The  quarry  owned  by  the  heirs  of  Johnson  is  about  forty 
rods  from  the  State  line,  in  sec.  35,  Le  Roy.  It  is  in  a 
lightly  timbered  tract  ot  country,  accompanying  the  upper 
Iowa  river,  and  about  ten  rods  south  ot  the*  river.  The 
beds  rise  to  within  a  foot  or  two  of  the  surface,  on  the  angle 
of  the  river  bluff,  though  the  bluffs  of  the  river  are  not  con- 
spicuous, the  depth  of  the  valley  being  only  about  twelve  or 
fifteen  feet  below  the  general  level,  and  broad  and  basin- 
like. The  foreign  drift  about  is  light,  but  some  large  bould- 
ers are  scattered  about.  This  stone  is  light  colored  (nearly 
white)  hard  and  fine,  exactly  like  the  Devonian  seen  near 
Northwood,  in  Iowa,  though  in  heavier  beds  than  tnat.  It 
would  make  a  beautiful  white  marble.  It  is  uniform  in 
gram  and  texture,  and  not  in  the  least  porous.  With  the 
exception  of  one  or  two  layers  of  an  inch  or  two  of  green 
clay,  the  beds  are  all  of  this  limestone,  exposed  twelve  leet. 

At  Palmer's  quarry  the  rock  is  overlain  by  six  inches  of 
soil,  though  a  hundred  rods  from  the  river.  These  beds  are 
all  badly  weathered  so  far  as  opened,  and  of  the  same  gen- 
eral character  as  at  Johnson's.  No  drift.  Exposed  three 
feet. 

Mr.  Palmer's  other  quarry  is  in  the  river  bluff,  and  easy 
of  access.  The  stone  is  the  same  as  that  already  described, 
and  has  been  burned  near  the  quarry  lor  quicklime.  It 
forms  a  bluff,  exposing  about  twenty  feet. 

Brevier's  quarries,  of  which  two  are  opened,  are  in  the 
left  bank  of  the  Upper  Iowa  river,  and  show  about  the  same 
beds  as  seen  in  the  other  quarries. 

Drowne's  quarry  is  also  in  the  bank  of  the  river,  but 
shows  only  about  six  feet,  though  there  is  every  opportunity 
for  opening  the  beds  to  a  greater  depth.  There  is  here  a 
much  more  argillaceous  and  fissile  bed  than  any  seen  in  the 
other  quarries.  It  is  about  eighteen  inches  thick.  This 
layet,  coming  about  midway  in  the  quarried  beds  facilitates 
the  working  of  the  quarry,  but  is  itself  of  no  value.    In 
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the  debris  fhrown  out,  probably  from  this  layer,  a  globular 
mass  of  C(Bnostroma  was  obtained,  which,  taken  with  the 
lithological  resemblance  of  the  rock  to  that  containing 
Hamilton  fossils  at  North  wood,  in  Iowa,  near  the  Minnesota 
State  line,  satisfactorily  establishes  the  Devonian  age  of  the 
who^e  of  the  rock  at  Le  Roy. 

Section  16,  Le  Roy,  Mrs.  Alice  Plummer  owns  a  newly 
opened  quarry  near  the  river. 

There  is  an  exposure  ot  the  limestone  in  the  valley  of  the 
upper  Iowa,  near  the  west  line  of  the  S£.  ^  of  NW.  ^  of 
sec.  29,  Le  Roy.  There  is  here  a  boiling  spring  coming 
out  of  the  rock  in  the  bed  of  the  creek.  I'he  rock  is  also 
exposed  just  over  the  State  line,  in  Iowa,  on  the  Little  Cedar, 
and  more  particularly  at  Staceyville,  two  miles  south  of  the 
line. 

The  Silurian. 

As  already  stated,  the  rock  at  Frankford  is  classed  as 
Silurian  on  lithological  evidence  only.  The  quarries  here, 
beginning  with  the  highest  up  the  creek  (known  as  Deer 
Creek)  are  owned  in  the  following  order :  A.  Bush  has  a 
quarry  febout  four  miles  above  Frankford;  6.  Fryer  has  a 
good  quarry ;  E.  W.  Elder  burns  and  sells  lime  at  Frank- 
ford ;  L.  Patchings  quarry  is  situated  in  the  brow  of  a  small 
valley  tributary  to  Deer  Creek,  and  consists  of  beds  that 
are  much  shattered  and  weathered,  so  as  to  afford  irregular 
and  small  pieces,  considerably  used  for  lime.  Exposed 
about  seven  feet.  These  beds  overl  ie  or  are  very  near  the  tops 
of  the  beds  in  the  next — that  of  Mr.  J.  Hawkins.  I'his  is  in 
the  bluff  of  Deer  Creek,  and  supplied  the  heavy  stone  placed 
in  the  abutments  of  the  highway  bridge  at  Frankford.  The 
exposure  here  is  about  twenty  feet.  The  layers  are  three 
feet  and  more  in  thickness,  and  project  over  the  water. 
This  is  a  characteristic  exposure.  The  rock  is  different  from 
that  at  Le  Roy.  It  is  ot  about  the  name  color,  somewhat 
darker,  vesicular  and  porous.  It  is  firm,  has  abundant 
calcite,  and  some  chert.  While  it  is  plainly  fossiliferous, 
no  fossils  demonstrating  its  age  are  obtainable.  J.  C. 
Easton  also  owns  a  quarry  at  Frankford,  back  from  the 
creek,  on  the  open  prairie.  Other  outcrops  occur  favorable 
for  quarrying.  In  the  scarcity  of  fuel,  but  little  lime  is 
made  at  Frankford.     Much  more  is  burnt  at  Spring  Valley. 

A  stone  quarry  is  opened  two  miles  northwest  of  Grand 
Meadow,"  on  Bear  Creek,  owned  by  Mr.  Coin.  Another  is  2i 
miles  east  of  Coin's,  owned  by  Mr.  I.  O.  Huffdaw. 
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The  Drift. 

In  Mower  county  no  diminution  of  the  drift  was  noticed. 
It  consists  of  the  usual  hard-pan  clay.  This  clay  shows  a 
light  color  for  the  first  10  or  15  feet,  and  below  that  depth 
it  is  apt  to  be  blue.  Gravelstones  and  boulders  are  dissem- 
inated through  it.  Some  of  the  boulders  are  very  large 
and  consist  of  granite.  Some  very  large  granite  boulders 
occur  near  Rose  Creek  village,  lying  on  the  surface,  and 
some  are  near  Adams.  There  are  some  also  in  the  valley 
between  Adams  and  Le  Roy.  Near  Mr.  Alderson's  quarry 
at  Austin  a  granite  boulder  has  been  blasted  and  broken  for 
building  stone.  It  is  at  least  16  feet  long  by  12  feet  wide. 
Its  depth  is  unseen.  Others  were  seen  equally  large  in 
various  parts  of  the  county. 

The  most  interesting  development  in  respect  to  the  drift 
in  Mower  county  consists  in  the  discovery  of  an  ancient  bed 
of  peat  by  Mr.  Smith  in  Windom.  The  reader  is  referred 
to  the  account  of  his  operations  for  coal,  already  given,  for 
the  particulars  of  this  discovery.  This  bed  of  peat  seems 
to  be  of  considerable  extent,  superficially.  A  similar 
deposit  is  struck  in  wells  at  Le  Roy*  Mr.  J.  D.  Wilsey, 
on  sec.  31,  met  it  at  20  feet.  Mr.  Porter,  who  dug  his  well, 
describes  the  deposit  there  as  largely  made  up  of  distinct 
woody  fiber,  among  which  he  thought  he  recognized  hem- 
lock bark.  Several  other  instances  of  strikipg  this  buried 
vegetation  are  reported  in  the  neighborhood  of  Le  Roy. 
The  clay  overlying  the  peat  bed  is  described  as  a  gravelly 
yellow  clay. 

In  the  State  of  Iowa  an  ancient  peat  has  also  been  met 
with  at  a  number  of  places.  Dr.  White  describes  it  at 
Davenport,  at  Iowa  city,  and  in  Adair  county  ( Oeology  of 
louoa,  1870,  Vol.  1,  p.  119)  and  refers  its  origin  there  to 
marshes  that  accompanied  the  valleys  of  the  rivers  near 
which  the  peats  occur,  when  those  rivers  spread  wider,  and 
flowed  at  higher  levels.  But  in  Mower  county  the  peaty 
deposit  is  not  confined  to  the  valleys  of  streams,  nor  to  the 
proximity  of  streams.  Mower  county  is  on  one  of  the 
highest  divides  in  the  State  of  Minnesota,  and  from  it  flow 
the  sources  of  streams  toward  the  north,  south,  and  east. 
Those  streams  are  small  and  never  could  have  flooded  the 
extent  of  country  in  which  this  peat  is  found.  The  positive 
information  now  at  hand  in  reference  to  this  peat  deposit  in 
Mower  county,  does  not  warrant  confident  assertions  as  to 
its  origin.    From  all  accounts  it  appears  to  be  embraced 
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between  glacial  deposits  of  gravelly  clay,  and  it  seems  to 
mark  a  period  of  interglacial  conditions  where  coniferons 
trees  and  peat  mosses  spread  over  the  eountry.  Peat  mos- 
ses are  not  necessarily  restricted  to  low,  wet  places.  If  the 
atmosphere  be  moist  they  will  flonrish  on  any  surface,  and 
an  accumulation  of  good  peat  may  take  place  on  a  bare, 
rocky  mountain-side.  There  are  extensive  marshes  now  ex- 
isting in  northern  Minnesota,  mainly  covered  with  ericaceous 
plants,  with  some  cedars  and  tamaracks,  that  are  forming 
immense  peat  deposits.  With  an  inct'ease  in  the  amount  of 
moisture  of  the  air  such  peaty  accumulations  would  spread 
over  much  higher  levels.  A  return  of  glacial  conditions 
would  bury  such  marshes  below  the  deposits  that  are  known 
as  drift. 

At  Le  Boy  Mr.  Porter  seems  also  to  have  discovered,  just 
in  the  border  of  the  village,  an  old  valley,  now  filled  with 
sand.  His  cistern  was  dug  in  the  solid  rock,  which  was  met 
at  seven  feet.  A  well  was  bored  fifteen  feet  distant  toward 
the  river,  to  the  depth  of  32  feet,  in  sand,  without  meeting 
any  rock.  Between  this  well  and  the  river  other  wells  have 
struck  the  rock  at  several  places,  and  usually  at  about  twelve 
feet.  On  the  prairie  throughont  the  county  wells  get  water 
generally  within  thirty  feet. 

Material  Resources* 

With  the  exception  of  the  central  high  prairie  portion  of 
Mower  county,  it  is  tolerably  well  sum)lied  with  wood  for 
common  fuel.  On  the  prairies  referred  to  wood  is  costly. 
That  portion  of  the  county  is  thinly  settled  with  farmers. 
Along  the  valleys  of  the  streams  in  the  eastern  and  western 
portions  of  the  county,  the  first  settlements  took  place,  and 
in  those  valleys  are  found  the  most  of  the  population  at  this 
time.  The  principal  natural  wealth  of  the  county  lies  in  its 
soil  and  its  agricultural  adaptations.  The  people  are  gen* 
eially  farmers.  The  growth  of  the  county  in  all  respects 
will  be  primarily  dependent  on,  and  co-ordinate  with  the  set- 
tlement of  the  farming  lands,  and  their  profitable  tillage. 
There  is  some  water  power  in  the  county,  as  at  Austin,  and 
below  Austin  to  the  county  line,  and  at  Le  Boy  and  Bam&ey, 
and  it  is  well  improved  in  the  erection  of  flouring  mills. 
Mower  county  contains  no  peat,  and  cannot  hope  for  coal. 
The  rocks  that  undejrlie  the  county  cannot  be  depended  on 
for  producing  anything  but  building  stone  and  quicklime. 
Of  Uie  former,  some  of  the  limestone  would  produce  a  good 
24 
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marble,  if  properly  handled.  That  is  th6  case  particularly 
at  Le  Boy.  For  makiag  q[uick-lime  there  is  ample  oppor- 
tunity. The  only  difficulty  will  be  a  competition  with  other 
localities  from  which  transportation  is  light,  that  possess 
cheaper  fuel  for  calcination.  Brick  can  be  made  at  almost 
any  place  in  the  county.  Three  miles  northeast  of  Lansing 
Mr.  John  Just  is  engaged  in  brick-making.  At  Austin  Mr. 
A.  H.  Alsip  now  manufactures  brick.  Formerly  they  were 
also  made  by  Smith,  Tuttleand  Tracy,  and  by  Horace  \Vebb. 
Mr.  Alsip  lays  his  own  brick  in  the  wall  for  $12.50  and 
$13.00  per  thousand,  furnishing  everything.  He  sells  for 
$12  and  $15  per  thousand.  He  makes  a  sand-mold  brick, 
free  from  lime,  but  rather  soft.  He  burns  the  common 
surface,  taking  off  about  three  inches,  so  as  to  remove  the 
grass-roots.  During  the  year  he  has  made  about  550,000, 
oak  wood  costing  about  $6.50  per  cord.  At  Austin  a  light- 
colored  brick  from  Watertown,  Wisconsin,  is  .somewhat 
used.  Brick  from  Chaska,  Carver  county,  are  delivered  on 
the  cars  for  $8,  costing  $13  at  Austin.  The  lime  used  at 
Austin  is  mostly  from  Mitchell,  Iowa.  At  Le  Boy  not 
many  brick  have  been  made.  The  Caswell  House  and  the 
school  house  at  that  place  are  built  of  brick  made  at  Le  Boy. 
The  quality  of  the  Le  Boy  brick  is  as  good  as  any  seen  at 
Austin.  About  three  miles  above  Frankford  the  Shaw 
Brothers  have  begun  the  manufacture  of  a  fine  light- colored 
brick,  though  some  are  also  red.  This  yard  is  said  to  turn 
out  some  of  the  best  brick  made  in  the  county.  To  those 
interested  in  burning  lime  in  the  county  the  following  state- 
ments obtained  from  Schuyler  and  Hulme,  of  MitchelK 
Iowa,  extensive  lime-burners,  will  be  of  value.  They  have 
one  draw  kiln,  which  is  in  constant  operation,  of  Page's 
Patent,  from  Bochester,  New  York.  It  affords*  200  bushels 
of  quick  lime  every  24  hours.  It  requires  48  hours  to  take 
a  piece  of  the  rock  through  the  kiln.  Ever;  24  hours  four 
cords  of  wood  are  consumed,  at  a  cost  of  four  dollars  per 
cord.  One  cord  of  stone  is  calculated  to  make  100  bushels 
of  lime,  at  80  pounds  per  bushel,  which  sells  at  the  kiln  at 
35  cents  per  bushel,  average  price.  Coarse  lime  will  fall 
six  pound  short  by  measure,  but  if  the  fine  lime  be  put  in 
it  will  hold  out  weight,  previous  to  being  air-slacked.  Air- 
slacked  lime  averages  about  55  pounds  per  bushel.  To 
run  this  kiln  requires  seven  men,  including  those  who  take 
out  the  stone,  or  five  men  and  one  team. 


V 


/;iv^7 


w^ ~^ 

THE  GEaLOGICAL 


AND 


NATURAL  HISTORY  SURVEY 


OF 


MIIS"ISrESOTA. 


THE  FOURTH  ANNUAL  REPORT. 


FOR  THE  YEAR  1875. 


By  N.  H.  WINCHELL,  State  Geologist. 

ASSISTED  BT 

M.  W.  HARRINGTON,  of  the  University  of  Michigan. 


Submitted  to  the  President  op  the  University,  Dec.  31, 1875. 


we^ 


ST.  PAUL : 

THE  PIONEER-PRESS  OOMPANY. 
1876. 


^e^ 


f 


7 " 


1 


THE  GEOLOGICAL 


AND 


NATURAL  HISTORY  SURVEY 


OF 


MINNESOTA 


THE  FOURTH  ANNUAL  REPORT. 

FOR  THE  YEAR  1875. 


By  N.  H.  W^INCHELL,  State  Geologist. 

A8BI8TED  BT 

M..W.  HABBINGTON,  of  the  Uniyenity  of  Michigan. 


BtrBMJTTBD  TO  THB  Pbebedbnt  OF  THX  Uhiysbsitt,  Dbc.  31,  1875. 


BAINT  PAUL: 

TBS  FIOHXES-PBE88  COMPAKT. 
1876. 


r 
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1.  Sketch  of  ^  Lead  Begion,  by  Dr,  2>.  F,  Weinland,  vfUh  a  atatement  of 
the  olijecta  of  a  geological  and  natural  hUtory  survey.  84  pp.  1860.  Be- 
print  from  t?ie  Wieconein  Beporte  for  IS6S.    Out  of  print. 

2.  8tati8tiC8  and  History  of  the  Production  of  Iron,  by  A,  S,  Hewitt.  47 
pp.  1860.  B^print  of  a  paper  read  before  tfte  American  Geographical  and 
Statistical  Society,  January  81,  1856.    Out  of  print. 

3.  JSeport  of  Anderson  and  Clark,  Commissioners  on  the  Geology  of  the 
State,  January  26,  XSSI.    Svo.26pp.    Out  of  print. 

4.  Beport  of  Hanchett  and  Clark,  November,  1864.  Bvo.  82  pp.  Out  of 
print, 

5.  B^^ort  of  ^H  H.  Fames,  on  the  MetcUliferous  Begion  bordering  on  Lake 
Superior,  1866.    Svo.  2S  pages, 

6.  Beport  of  H.  H  Fames,  on  some  of  the  northern  and  middle  counties  of 
mnnesota.    1866.    890.  58  pp.    Out  of  print. 

7.  B^^ort  of  Col.  Charles  Whittlesey  on  the  Mineral  Begions  of  Minnesota. 
1866.    Svo.  62  pp.  close  type,  with  wood  cuts. 

8.  Beport  of  N.  C.  2>.  Taylor  on  the  Copper  District  of  Kettle  river^,  incorpo- 
rating Mr.  James  HalVs  estimate  of  the  copper  prospects  of  that  district, 
1866.    2  pp.  Svo.    Found  only  in  the  Fxecutive  Documents. 

9.  Beport  of  a  Geological  Survey  of  the  vicinity  of  Belle  Plaine,  Scott 
county,  Minnesota.    A.  Winchell.    June  17,  1871.    Svo.  16  pp. 

10.  The  First  Annual  Beport  on  the  Geological  and  Natural  History  Survey 
of  Minnesota,  for  the  year  1872.  By  N.  H.  Winchell.  Svo.  112  pp.  with 
a  colored  geological  map  of  the  State',  Published  in  the  Begents'  Beport 
for  1872.     Out  of  print. 

11.  The  Second  Annual  Beport  on  the  Geological  and  Natural  History  Sur- 
vey of  the  State,  for  the  year  1878.  By  N  H.  Winchell  and  S.  F.  Peek- 
ham.    Begents^  Beport ;  liS  pp.  Svo  *,  with  illustrations. 

12.  The  Third  Annual  Beport  on  the  Geological  and  Natural  History  Survey 
of  Minnesota,  for  the  year  1874.  By  N  H.  Winchell,  41  pp.  Svo.  with 
two  county  maps.    Published  in  <Ae  Begents^  Beport  for  1874. 


[NoTS.*Of  the  foregoing.  Nob.  1,  %,  4  and  5  are  wanted  by  the  Sanrey*] 


ADDRESS  AND  SUMMARY  STATEMENT. 


To  the  President  of  the  UnivereUy: 

The  accompanying  report,  the  fourth  since  the  beginning  of  the 
Gkolc^ical  and  Nataral  History  Survey  of  the  State,  embraces  full 
and  detailed  reports  on  the  counties  of  Fillmore,  Olmsted,  Steele 
and  Dodge.  These  counties  lie  nearly  contiguous  in  the  southeast- 
em  portion  of  the  State,  embracing  some  of  the  first  settled,  and 
now  most  thickly  inhabited  counties  of  the  State.  The  plan  for 
the  season  embraced  other  counties,  in  the  central  portion  of  the 
State,  and  one  or  more  in  the  noithern.  But  it  has  been  found  im 
possible  to  complete  more  than  the  four  named.  Considerable  work 
has  been  done  in  Hennepin  county,  and  some  in  Steams,  but  the 
scattered  observations  made  will  be  reserved  till  the  work  in  those 
counties  is  taken  up  and  reported  in  detail.  The  complicated  char- 
acter of  the  work  done  in  Fillmore  and  Olmsted  counties  will  be 
seen  by  a  glance  at  the  accompanying  geological  maps  of  those 
counties.  The  eastern  portion  of  these  counties,  particularly  Fill- 
more, falls  within  that  well-known  tract  denominated  by  Prof.  J. 
D.  Whitney,  a  *'  driftless  area."  This  term  very  nearly  describes 
the  tract  as  represented  in  this  portion  of  Minnesota,  but  I  have 
been  able  to  discern,  even  in  the  most  eastern  part  of  Fillmore 
county,  occasional  small  deposits  of  trae  northern  drift,  as  de- 
tailed by  localities  in  the  report  on  that  county.  In  the  absence, 
or  attenuation,  of  the  true  northern  drift,  the  underlying  rocks 
make  bold  and  frequent  outcrops,  goveming  the  immediate  contour 
of  the  surface,  and  deciding  the  agricultural  as  well  as  the  general 
industrial  resources  of  the  country.  It  has  been  necessary,  there- 
fore, to  give  very  minute  attention  to  the  lines  of  outcrop  of  the 
different  formations  as  they  make  their  way  across  the  county,  in 
order  to  delineate  them  correctly  on  the  accompanying  colored 
maps. 

In  the  survey  of  these  counties  I  have  had  the  assistance  of  Mr. 
W.  £.  Leonard,  a  student  of  the  University,  who  accompanied  me 
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in  the  earlier  part  of  the  season  in  Fillmore  county,  and  of  Prof. 
M.  W.  Harrington,  of  the  University  of  Michigan,  whose  report  is 
herewith  presented.  Prof.  Harrington,  who  ably  carried  on  tile 
work  independently  in  my  absence,  was  compensated  only  by  the 
pa3rment  of  his  field  and  traveling  expenses.  He  also  had  the 
privilege  of  retaining  such  botanical  specimens  as  he  conld  gather, 
for  the  purpose  of  enlarging  the  already  magnificent  collection  of 
plants  in  the  museum  of  Michigan  University,  a  list  of  all  identifica- 
tions being  reported  for  our  survey. 

The  catalc^e  of  the  plants  of  the  State,  by  Dr.  I.  A.  Lapham, 
mentioned  in  the  report  for  1878,  has  been  printed  by  the  Stale 
Horticultural  Society,  and  is  published  in  its  report  for  1875,  where 
it  is  duly  accredited  to  the  Geological  and  Natural  History  Survey, 
to  whose  care  Dr.  Lapham  had  entrusted  it. 

In  December,  1872,  the  Board  of  Regents  adopted  a  resolution  ask- 
ing the  representatives  and  senators  in  Congress,  from  Minnesota, 
to  take  measures  to  secure  to  Minnesota  such  determinations  of  lat- 
itude and  longitude,  by  the  United  States  Lake  Survey,  as  are  done 
in  other  States  by  the  officers  of  that  survey.    Through  the  co-ope- 
ration of  Hon.  M.  H.  Dunnell,  representative  in  Congress,  the  Su- 
perintendent  of  the  Lake  Survey,  Gren.  C.  B.  Comstock,  was  induced 
to  take  immediate  steps  toward  the  determination  of  the  latitude 
and  longitude  of  the  University  buildings.    There   being  no  Con- 
gressional appropriation  for  further  determinations  in  this  State, 
nothing  further  has  been  done.     It  is  desirable,  in  order  to  construct 
a  correct  map  of  Minnesota,  that  as  many  points  as  possible  be  es- 
tablished in  the  same  manner.    In  the  State  of  Michigan,  the  Lake 
Survey  officers  are  determining  one  or  more  points  in  each  county 
of  the  Southern  Peninsula.    It  is  done  by  special  act  of  Congress, 
appropriating  money  to  enable  the  Lake  Survey  to  aid  the  State 
Survey.    I  call  your  attention  to  this  matter,  that  farther  efforts 
may  be  made  to  carry  out  the  intent  of  the  original  action  of  the 
Board  of  Regents.    It  is  the  established  policy  of  the  general  gov- 
ernment to  aid  those  States  that  are  carrying  on  geological  surveys, 
through  the  instrumentality  of  the  coast  surveys,  and  it  has  been 
BO  announced.    The  attention  of  Congress  should  be  called  specially 
to  this  matter,  in  order  that  our  survey  may  receive  its  share  of  sach 
aid. 

The  following  has  been  sent  fh>m  the  office  of  the  Lake  Survey, 
at  Detroit,  by  order  of  Gren.  Comstock,  giving  the  results  of  obser- 
vations made  at  the  University : 
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LonffUude  of  the  SmdOer  Cupola  of  the  University  of  Minnesota. 

Longitude.  Bafenncos. 

Longitade    of    Washington     (Naval  ^  r  Admiral  Sand's  let- 
Observatory)    west     ftom    Green- V  77°  08' OC  .00  5      ter,  February  9, 

wlch.                                                    )  i       1872. 

U.    S.    Lake     Survey      observatory  ^  r 

(1857  to  1870)  west  ftom  Washing-  S  6  69  69.  80  \  ^'  ®'  Repo^  1871 

ton  (Naval  Observatory.)                    J  i      and  Office  No.  8. 

8.  B«  comer    of   the    new    Custom  ^  C   t    a    n 

House,  St.  Paul,  Minn.,  west  from  j- 10  02  82.  26  5   ^*  ^'  ^l^^l,^^^^ 

the  L.  S.  Obs.  (1867  to  1870.)             J  i      ^^  ^®^«  ^^'  ®- 

Q „  «  /^     1      ,  ^1.    XT  *        *^      -1  f  See  office  rept.  No. 

Smaller  Cupola  of  the  University  of  j  _     a   r  pu  t 

Minnesota  west   from   the    S.   E.  V  0  8  86,60     i  V..   *     '       °' 

^_ ,  .  -            „    ^      ^             I  1  obs'r.    T.    Bus- 
comer  of  the  new  Custom  House.                                          11             ^ 

j  [^  sell,  computer. 

Longitude  of  the  smaller  cupola  of  ^ 
the  University  of  Minnesota  from>98<^  14' 08'^  60 
Greenwich.  j 

Latitude.  Beferences. 

lAtitade  of  the  8.  E.  corner  of  the? ^^  «  .„  o«    f  *''!"'/ ™A*T 

new  Custom  House.                          {**•  ^^ «.  89    J  A.  R.  Flint,  ob- 

^  y  server,  1871. 

Smaller  Cupola  of  the  University  of%  Office  rep.  No.  218. 

•Minnesota   north   from  the   S.  E.  >  1  66.  88  3  A.  B.  Flint,  ob'r, 

comer  of  the  Custom  House.             )  \  T!,  Bussell,  c'p'r. 

Smaller  Cupola  of  the  University  of  >  ^o  5g/  39//  22 
Minnesota.  ) 

Latitnde.  Longitade. 

Smaller  Cupola  Of  the  Univ.  of  Minnesota  44^^68^  89^^.  22  98^  14^  08^^.  60 

(Signed)  O.  B.  WHEELEB, 

Compiler. 

In  regard  to  chemical  work  I  am  not  informed  that  anything  has 
been  done  since  the  report  of  1878.  From  time  to  time  the  fol- 
lowing substances  have  been  submitted  to  the  chemist  of  the  sor- 
yey  for  examination.  This  list  is  here  given  that  the  records  of 
the  survey  may  be  easily  consalted,  and  that  in  fatare  analyses 
samples  may  readily  be  referred  to  their  sources. 

No.  1.    Light,  pinkish  clay,  known  as  **  Tripoli,"  from  StiUwat^,  Minn. 

Submitted  to  Prof.  Strange  December  10th,  1872.    Beported  on  by  Prof. 

Peckham.    (See  the  Second  Annual  Beport.) 
No.  2.    Bed  and  yellowish  day,  line  grained  \  no  apparent  pebbles  nor  sand. 

From  Spring  Valley,  Minn.    Submitted  to  Prof.  Strange  December  10th, 

1872. 
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No.  8.  I>nb,  or  brown  cUy,  with  a  reddiah  tinge,  rery  line  and  soapy  to 
the  touch ;  no  sand  nor  pebbles.  From  Spring  Valley,  lOnn.  Sabmitted 
to  Prof.  Strange  December  10th,  1872. 

No.  4.  Same  as  No.  2,  bat  eridentlyarenaceoos,  and  with  occasional  small 
pebbles.  From  Spring  Talley,  Minn.  Submitted  to  Prof.  Strange  De- 
cember 10th,  1872. 

No.  5.  Peat,  from  Schmidtz'  land,  St.  Panl,  Minn.,  ei|^  feet  below  the 
snrftce.  Sabmitted  to  Dr.  P.  B.  Rose  Angnst  8th,  1878.  Reported  No- 
Tember  32d,  1873.    (See  the  Second  Annnal  Report.) 

No.  6.    Peat,  from  Schmidtz'  land,  St.  Paul,  Minn.,  2  feet  below  the  snr- 
fiice.    Submitted  to  Dr.  P.  B.  Rose  Angnst  6th,  1878.    Reported  Noyem 
ber  22d,  1873.    (See  the  Second  Annnal  Report.) 

No.  7.  Mann&ctnred  Peat,  firom  Wells ;  W.  Z.  Haight.  Submitted  to  Dr. 
P.  B.  Rose,  August  6th,  1873.    Reported  by  him  Norember  22d,  1873. 

No.  8.  Peat  flrom  Lake  Emily,  near  St.  Peter,  Minn.  Submitted  to  Dr.  P. 
P.  B.  Rose,  August  6th,  1878.    Reported  NoTember  22d,  1873. 

No.  9.  Turf-peat,  flrom  Empire  City.  Submitted  August  6th,  1873,  to  Dr. 
P.  B.  Rose.    Reported  Noyember  22d,  1873. 

No.  10.  Peat  from  Wells,  not  manufibctured.  Submitted  August  6th,  1878, 
to  Dr.  P.  B.  Rose.    Reported  Noyember  22d,  1878. 

No.  11.  Cretaceous  coal,  cannel,  flrom  Crow  Creek,  near  Redwood  Falls« 
Minn.    Submitted  to  Prof.  S.  F.  Peckham,  Sept.  6th,  1873. 

No.  12.  Coal,  from  the  surfkce,  near  Bismarck,  D.  T.  Submitted  to  Prof. 
S.  F.  Peckham,  September  6th,  1^78.  [The  last  two  hare  the  same  ex- 
ternal characters.] 

No.  13.  Earthy  coal,  flrom  Crow  Creek,  near  Redwood  Falls,  Minn.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  September  6th,  1873. 

No.  14.  A  mixture  of  charcoal  and  ash,  apparently,  from  the  lignite  beds 
of  the  cretaceous,  at  Redwood  Falls,  Minn.  Submitted  to  Prof^  S.  F. 
Peckham,  September  6th,  1873. 

No.  15.  Kaolin;  the  result  of  decomposed  granite,  greenish,  with  no  ap- 
parent grit.  From  Birch  Coolie,  Minn.  Submitted  to  Prof.  S.  F.  Peck- 
ham, September  6th,  1873.  (See  description  of  this  substance,  and  of 
the  locality,  in  the  Second  Annual  Report.) 

No.  16.  Peat,  from  St.  Cloud,  18  inches  below  the  surfkce.  Submitted  to 
Prof  S.  F.  Peckham,  September  15th,  1873.  Partially  analyzed  and  re- 
ported December  28d,  1878. 

No.  17.  Peat  flrom  Lura,  Faribault  county,  Minn.,  18  inches  below  the  sui^ 
face.  Land  of  W.  Z.  Haight.  Bog  A.  Submitted  to  Prof.  S.  F.  Peck- 
ham, October  9th,  1878.  Partially  analyzed  and  reported  December  28d» 
1873.    (See  the  Second  Annual  Report.) 

No.  18.  Peat  from  the  same  bog  as  No.  17, 3  feet  below  the  sxurfhce.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  October  9th,  1878.  Partially  analyzed  and 
reported  December  2dd,  1873. 

No.  19.  Peat  from  Lura,  Bog  B,  18  inches  below  the  snrftu^.  Submitted 
October  9th,  1873,  to  Prof.  S.  F.  Peckham.  Partially  analyzed  and  re- 
ported December  23d,  1878. 

No.  20.  Peat  trom  the  same  bog  as  No.  19,  8  feet  below  the  sur&ce.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  October  9th,  1878.  Partially  analyzed  and 
reported  December  23d,  1873. 
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No.  21.  Tarf-peat,  from  the  land  of  John  Haggard,  section  4,  town  lOl, 
range  89.  Submitted  October  9th,  1878,  to  Prof.  8.  F.  Peckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  22.  Peat  firom  K.  K.  Peck's  land,  near  Windom,  8  feet  below  the  snr- 
flice.  Submitted  October  9th,  1878,  to  Professor  8.  F.  Peckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  28.  Peat  from  K.  K.  Peck's  land,  near  Windom,  2  feet  below  the  sur- 
ftce.  Submitted  October  9th,  1878,  to  Professor  S.  F.  Peckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  24.  Peat,  ftt>m  the  land  of  Bct.  Bdward  Savage,  near  Windom,  Minn., 
18  inches  below  the  surflice.  Submitted  October  9th,  1873,  to  Prof.  S.  F. 
Peckham.    Partially  analyzed  and  reported  December  28d,  1878. 

No.  25.  Turf-peat,  Arom  S.  O.  Taggart's  land,  section  24,  town  106,  range 
86.  Submitted  October  9th,  1878,  to  Prof.  S.  F.  Peckham.  Partially  an- 
alyzed and  reported  December  28d,  1878. 

No.  26.  Peat  firom  land  of  A.  A.  Soule,  Mountain  Lake,  Minn.,  2  feet  below 
the  surface.  Submitted  October  9th,  1878,  to  Professor  8.  F.  Peckham. 
Partially  analyzed  and  reported  December  28d,  1878. 

No.  27.  Peat  from  the  land  of  the  St.  Paul  and  Sioux  City  Railroad,  section 
18,  town  106^  range  87,  2  feet  below  the  surfkce.  Submitted  to  Prof.  8. 
F.  Peckham,  October  9th,  1878.  Partially  analyzed  and  reported  Decem- 
ber 28d,  1878. 

No.  28.  Peat  from  the  land  of  F.  G.  Taylor,  Brooklyn,  Hennepin  county. 
Submitted  to  Prof.  8.  F.  Peckham,  October  9th,  1878.  Partially  analyzed 
and  reported  December  28d,  1878. 

No.  29.  Lumps  from  the  sandstone  near  the  Red  Jacket  Mills,  in  Blue  Barth 
county,  apparently  magnesia,  or  magnesia  and  lime.  (See  description  of 
that  locality  in  the  report  for  1878.)  Submitted  to  Prof.  8.  F.  Peckham. 
Partially  examined  and  reported  December  28d,  1878. 

No*  80.  Green  specks  in  the  St.  Lawrence  hmeHone.  Sample  from  St. 
Lawrence.  Submitted  to  Prof.  8.  F.  Peckham.  Partially  examined  and 
reported  December  28d,  1873. 

No.  81.  Green  specks  from  the  'SK.  Lawrence  limestone.  Sample  firom 
Judson.  Submitted  to  Prof.  8.  F.  Peckham.  Partially  examined  and  re- 
ported December  28d,  1878. 

No.  82.  Black  mineral,  accompanying  quartz.  The  quartz  occurs  In  de- 
composed granite,  at  Minnesota  Falls.  The  mineral  has  the  appearance 
of  specular  peroxide  of  iron,  but  is  thought  by  the  owners  to  be  a  min- 
eral of  value.  Submitted  to  Prof.  8.  F.  Peckham,  who  pronounced  it 
haematite  iron  ore.  (See  the  description  of  this  locality  in  the  Second 
Annual  Report.) 

No.  88.  Turf-peat,  town  101,  range  40,  section  27.  Submitted  to  Prot  8. 
F.  Peckham,  March,  1874. 

No.  84.  Peaty  lake  sediment,  Bigelow,  Minn.  Submitted  to  Prof.  8.  F. 
Peckham,  March,  1874. 

No.  86.    Peat,  ttom  Red  Wing,  land  of  Capt»  O.  Bames.    Submitted  to 

Prof.  8.  F.  Peckham,  March,  1874. 
No.  86.    Peat  from  C.  F.  Bryan's  land,  near  Winona,  Minn.    Submitted  to 

Prof.  8.  F.  Peckham,  March,  1874. 
2 
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No.  87.  Ore  flrom  the  Saok  YaDey,  said  to  bave  been  taken  from  the  bot- 
tom of  a  shaft  sunk  in  exploration  for  coal.  Submitted  to  Prof.  S.  F. 
Peckham. 

No.  88.  Ore,  supposed  to  be  of  silver,  from  Colorado,  from  J.  B.  Culver. 
Dnluth,  Minn.  Submitted  to  Prof.  S.  F.  Pechham,  September  16th,  1874. 
Reported  to  Mr.  Culver. 

No.  89.  Ore,  supposed  to  be  of  silver,  from  £.  F.  Kindred,  Bralnerd,  Minn. 
Submitted  te  Prof.  S.  F.  Peckham,  September  18tb,  1874.  Reported  to 
Mr.  Kindred. 

No.  40.  Ore,  supposed  to  be  of  silver,  Arom  the  north  shore  of  Lake  Su- 
perior, near  Dulath,  Arom  H.  Burg.  Submitted  to  Dr.  P.  B.  Rose,  No- 
vember 20th,  1874.  Reported  December,  1874,  and  forwarded  to  Mr. 
Burg. 

No.  41.  Ore  from  M.  L.  Casey,  supposed  to  be  of  iron,  from  the  corporate 
limits  of  Duluth.    Submitted  to  Prof.  S.  F.  Peckham,  December,  1874. 

No.  42.  Sample  of  mineral  water  from  the  Belle  Plaine  Salt  Springs. 
Submitted  to  Prof.  S.  F.  Peckham,  October,  1878.    Partially  analyzed 

and  reported  December  28d,  1878. 

No.  48.  Fragment  of  native  copper,  apparently,  from  R.  S.  Russell,  Pleas- 
ant Grove,  Olmsted  county.  Submitted  to  Mr.  D.  P.  Strange  in  the  win- 
ter of  1872  and  78.  Reported  by  Prof.  S.  F.  Peckham,  December  28d, 
1878. 

No.  44.  Sample  of  water  from  the  Belle  Plaine  Salt  Springs.  Submitted 
to  Prof.  S.  F.  Peckham,  October,  1878.  Partially  analyzed  and  reported 
February  16th,  1874. 

The  accompaDying  report  also  embraces  a  statement  of  opera- 
tions in  the  Masenm  since  the  date  of  the  last  report  thereon.  The 
law  ordering  the  Geological  and  Natural  History  Sarvey  contains  a 
clause  as  follows : 

Sec.  6.  It  shall  be  the  duty  of  said  board  of  regents  to  cause 
proper  specimens,  skillfrilly  prepared,  secured  and  labeled,  of  all 
rocks,  soils,  ores,  coals,  fossils,  cements,  building-stones,  plants, 
woods,  skins,  and  skeletons  of  animals,  birds,  insects  and  fishes, 
and  other  mineral,  vegetable  and  animal  substances  and  organisms 
discovered  and  examined  in  the  course  of  said  surveys,  to  be  pre- 
served, for  public  inspection,  free  of  cost,  in  the  University  of 
Minnesata,  in  rooms  convenient  of  access,  and  properly  warmed, 
lighted,  ventilated  and  furnished,  and  in  charge  of  a  proper  scii^n- 
tific  curator.    *    *    * 

This  clearly  establishes  in  the  University  a  State  Cabinet  or  Mu- 
seum of  Natural  History.  A  report  on  the  progress  of  the  survey, 
in  compliance  with  law,  implies  a  report  on  the  condition  of  its  col- 
lections. Hence  it  seems  proper  that  hereafter  the  report  on  the 
museum  should  be  embraced  in  that  on  the  progress  of  the  survey. 
With   the  establishment  of   the  State  Museum  at  the  University 
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arises  the  necessity  for  cases  for  the  exhibition  and  proper  keeping 
of  the  collections,  and  other  current  expenses  involved  in  their 
transportation,  labeling  and  custody.  Objects  of  Natural  History, 
requiring  carefitl  and  often  expensive  preparation,  must  be  con- 
stantly watched  and  frequently  cleansed,  to  prevent  their  deteriora- 
tion and  destruction.  The  mounting  of  mammals  and  of  birds  is 
expensive.  To  carry  on  a  system  of  exchanging,  with  other  insti- 
tutions, as  ordered  by  the  law,  inVolves  an  outlay  of  money.  None 
of  these  expenses  have  been  provided  for.  The  legislature  should 
make  an  annual  appropriation  of  several  hundred  dollars  to  enable 
the  Regents  to  carry  out  that  part  of  the  law.  It  will  require,  at 
once,  about  a  thousand  dollars  to  fit  up  the  rooms  assigned  to  the 
use  of  the  Museum,  with  suitable  cases  and  other  appliances. 

I  wish  to  call  to  your  serious  attention,  the  propriety  of  taking 
steps  to  place  on  an  active  footing  other  portions  of  the  work  ordered 
by  the  general  law  of  March,  1872.  Sundry  practical  questions 
Involving  the  industries  of  the  state  and  the  confort  of  the  people, 
have  arisen  since  the  inception  of  the  survey ;  and  the  demand  for 
their  solution,  by  efficient  means  and  in  an  authoritative  manner, 
has  songht  expression  in  attempts  at  special  legislation,  creating 
special  commissions  for  the  purpose  of  investigation  and.  report. 
These  practical  questions,  which  really  depend,  in  their  ultimate  re- 
sults, on  the  means  taken  to  investigate  under  the  guide  of  science, 
and  to  modify  or  control  their  operations,  are  covered  by  the  terms 
of  the  general  law  of  March,  1872.  I  refer  to  an  examination  of 
the  peat  deposits,  and  to  the  collection  of  statistics  concerning  the 
late  incursion  of  the  western  grasshoppers  into  the  state.  If  the 
general  law  were  put  into  vigorous  execution,  with  ample  means, 
there  would  be  no  inducement  to  originate  special  commissions  to 
perform  the  various  portions  of  the  work  ordered.  It  seems  to  me 
these  departments  ought  not  to  rest  much  longer  without  making  a 
systematic  beginning.  If  nothing  more  is  done  than  to  keep  up  an 
organization,  with  little  expense,  such  organization  would  be  ready 
in  case  any  public  emergency  arises  to  take  the  work  in  hand,  and 
to  furnish  informatioli  immediately  concerning  its  proper  treatment. 
In  the  mean  time,  any  special  commission,  created  to  perform  work 
required  by  the  teims  of  the  general  law,  should  be  made  subject 
to  the  Board  of  Regents,  and  all  ofh^ial  reports  on  scientific  investi- 
gations, covered  by  that  law,  ought  to  be  made  as  so  much  con- 
tributed to  the  progress  of  the  Geological  and  Natural  History 
Survey.  Then  the  state  will  not  find  herself  duplicating  her  em- 
ployes, and  performing  twice  the  same  service.    Then  all  these  in- 
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yestigations  will  be  Jadicioasly  supervised,  and  the  scientific  work 
of  the  state  will  be  harmonized  in  all  its  relations. 

Germane  to  the  work  of  the  geological  survey,  is  the  collection 
of  a  set  of  the  building  stones,  minerals,  limes  and  soils  of  the 
state,  for   exhibition  at  the  Centennial   Exposition,   to    be  held 
at  Philadelphia  in  the  year  1876.    The  State  Board  of  Centennial 
Managers  having  requested  the  aid  of  the  Geological  Survey  in 
making  a  suitable  collection  of  t^e  objects  named,  the  Board  of 
Regents,  through  their  Executive  Committee,  authorized  me  to 
superintend  their  collection.    Although  the  desires  and  plans  of  the 
State  Board  of  Centennial  Managers  have  been  very  widely  pub- 
lished, and  considerable  personal  appeal  has  been  resorted  to,  the 
present  condition  of  the  meager  collections  thus  far  made  does  not 
warrant  ardent  expectations  that  this  branch  of  the  exhibition  on 
the  part  of  Minnesota  will  be  creditably  sustained. 

In  submitting  this  report,  I  take  pleasure  in  iacknowledging  the 
aid  of  the  people  of  the  counties  reported  on,  and  especially  of 
Prof.  M.  W.  Harrington,  of  Ann  Arbor,  whose  former  connection 
with  the  geological  survey  of  Michigan  enabled  him  to  conduct  the 
field  work  independently,  releasing  me  for  other  duties. 

Very  respectfhlly, 

N.  H.  WINCHELL. 


The  UinvsBsnT  of  Miknbsota, 
Minneapolis,  Minn.,  Dec.  81,  1875 
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REPORT    ON    THE    GEOLOGY    OF 

FILLMORE   COUNTY. 


Situation  and  Area. 


Fillmore  county  lies  adjacent  to  the  State  of  Iowa,  and  is  sepa- 
rated from  the  Mississippi  river  by  Hoaston  coanty.  It  lies  next 
east  of  Mower  county,  which  was  reported  on  last  year.  It  has  a 
width,  north  and  south,  of  four  government  towns,  each  six  miles 
square,  and  a  length,  east  and  west,  of  six,  making  it  one  of  the 
largest  of  the  organized  counties.  Its  area  is  about  864  square 
miles,  or  553,081.77  acres,  according  to  the  records  of  the  State 
Land  OflSce.  It  contains  no  lakes,  and  but  few  acres  that  are  un- 
suited  to  farm  tillage.  Preston  is  the  county  seat.  Lanesboro, 
Spring  Valley,  Chatfield  and  Bushford  are  the  principal  towns. 

Natural  Drainage. 

Boot  river,  with  its  tributaries,  drains  nearly  the  whole  of  the 
county.  The  Upper  Iowa  river,  which  enters  the  county  in  Beaver 
and  Bristol  townships,  receives  a  few  small  streams  from  the  south- 
ern tier  of  townships.  Boot  river,  flowing  toward  the  east,  spreads 
out  its  tributaries  north  and  south,  like  the  rays  of  a  fan,  crossing 
the  entire  county  from  west  to  east.  Many  of  the  branches  of  Boot 
river  rise  in  the  counties  next  west  and  north  of  Fillmore  county, 
in  a  tract  of  country  covered  with  northern  drift.  After  entering 
Fillmore  county,  they  soon  enter  canon-like  valleys,  and  the  drift 
becomes  much  lighter.  They  then  converge  toward  the  main  val- 
ley, following  deeply  cut  rocky  valleys,  and  leave  the  county  in  one 
volume  at  Bushford,  in  the  northeastern  corner  of  the  county.  These 
streams  fhrnish  frequent  water-power  privileges,  and  a  number  of 
them  have  been  improved  in  the  erection  of  mills,  which  are  scattered 
throughout  the  county  as  follows.  There  are,  besides  these,  several 
smaller  saw  miUs : 
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At  Chatfleld,  two  flouring  mills. 

On  the  sontheast  quarter  of  section  17,  Chatfleld,  one  flouring  mill. 

At  Clear  Grit,  one  flouring  mill. 

On  section  81,  Jordan,  one  saw  mill. 

At  Preston,  one  flouring  and  one  woolen  mill. 

At  Carlmona,  one  flouring  mill. 

At  Forestville,  one  flouring  mill. 

At  ^tna,  one  flouring  mill. 

At  Fillmore,  two  flouring  mills. 

At  Baldwin's  Bridge,  (section  21,  Forestville,)  one  saw  mill,— also  fitted 
for  grinding  feed. 

At  section  24,  Bloomfleld,  (De  For,)  one  flouring  mill. 

At  Granger,  two  flouring  mills. 

On  South  Boot  river,  three  flouring  mills. 

At  Bushford,  three  flouring  mills. 

At  Peterson,  one  flouring  mill. 

At  Whalen,  two  flouring  mills. 

At  Lanesboro,  three  flouring  mills. 

On  Bear  and  Deer  Creeks,  in  the  northwestern  part  of  the  county,  eight 
flouring  and  four  saw  mills. 

At  the  Tunnel  Mills,  section  84,  Sumner,  advantage  has  been  ta- 
ken of  the  winding  course  of  Bear  Creek.  The  creek  is  enclosed  on 
both  sides  by  high  rocky  walls.  A  tunnel  has  been  cut  through  a 
narrow  neck,  excavated  in  the  rock,  admitting  the  water,  which  falls 
again  into  the  river,  on  section  84,  producing  a  fall  of  25  feet  in  600 
feet.  The  cut  in  the  rock  is  600  feet  long,  for  the  tunnel,  and  100 
feet  for  the  tail  race.  At  G.  Weisbeck's  Mill,  a  similar  opportunity 
is  offered.  This  is  on  section  11,  Spring  Valley.  By  a  tunnel  of 
70  feet,  through  the  ^^  Hog's  back/'  a  fall  of  17  feet  10  inches  may 
be  secured ;  and  at  the  lime  kiln  of  Mr.  J.  H.  Hall,  near  Weisbeck's, 
a  tunnel  of  125  feet  will  furnish  a  power  of  20  feet.  About  20  rods 
from  Weisbeck*8,  a  tunnel  of  450  feet  will  afford  64  feet  head  of 
water.    The  rock  is  limestone,  in  horizontal  bedding. 

Surface  Features. 

That  portion  of  the  -county  which  is  covered  with  a  thick  deposit 
of  foreign  drift  presents  the  usual  monotony  of  surface,  character- 
istic of  the  drift  latitudes.  This  includes  the  most  of  the  western 
range  of  townships  across  the  western  end  of  the  county,  and  some 
portions  of  the  next  range  east.  There  are,  however,  even  within 
the  drift  area,  a  number  of  narrow,  deeply  cut  valleys,  with  precip- 
itous, rocky  bluffs,  having  very  much  the  nature  of  canons,  like 
those  of  the  driftless  territories  of  the   west.    Toward  the  east 
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these  deeply  cut  valleys  are  more  numerons.  All  the  little  streams, 
and  a  great  many  narrow  valleys  that  have  no  running  water  in 
them,  have  high,  rocky  bluffs  along  their  whole  course.  These  val* 
lies  and  streams,  constituting  the  drainage  system  of  the  county r 
converge  toward  the  valley  of  Root  river.  The  valley  of  this 
stream,  with  its  principal  tributaries,  presents  some  of  the  most 
remarkable  and  instructive  phenomena  of  erosion  to  be  found  in 
the  state.  It  passes  nearly  at  right  angles  across  the  strike  of  the 
formations.  These  are  alternating  limestones  and  sandstones,  with 
an  occasional  bed  of  soft  shale.  The  Trenton  limestone,  underlain 
by  the  easily  eroded  St.  Peter  sandstone,  the  same  as  at  the  falls  of 
St.  Anthony,  although  about  a  hundred  and  sixty  feet  in  thickness, 
is  eaten  into  by  the  retroaction  of  the  water  as  it  plunges  over  the 
falls  at  the  point  where  the  streams  cross  the  line  of  its  super- 
position over  the  St.  Peter,  until  they  have  each  excavated  in  the 
Trenton  a  deep  channel  from  15  to  30  miles  in  extent.  Through 
the  line  of  strike  of  the  St.  Peter  these  valleys  are  widened  ^  out, 
the  surface  of  the  low  ground  within  the  bluft^  being  usually  one  of 
rich  meadow  with  undulating  surface,  from  one  to  two  hundred  feet 
below  the  general  level.  The  Lower  Magnesian  Formation  is  entered 
upon  by  the  streams  while  they  are  yet  a  good  many  miles  within 
the  general  area  of  the  Trenton.  As  this  formation  consists  of  three 
members,  (two  limestones,  separated  by  a^sandstone  about  30  feet 
in  thickness,)  it  repeats  the  succession  of  phenomena  witnessed  in 
the  erosion  of  the  Trenton  and  St.  Peter.  As  the  water  leaves  the 
Shakopee  limestone  and  enters  upon  the  Jordan  sandstone,  it  passes 
over  a  series  of  rapids,  or  a  fall  of  several  feet  perpendicular,  which 
falls  or  rapids  undergo  a  process  of  recession  under  the  same  causes  as 
produce  the  recession  of  the  Ttrenton-St.  Peter  falls.  Again,  when 
the  stream  passes  from  the  St.  Lawrence  limestone  upon  the  St. 
Croix  sandstone  the  same  coi^unction  of  circumstances  causes 
another  rapid  or  water-fall.  Thus  by  a  series  of  steps,  more  or 
less  evident,  the  branches  of  Boot  river  descend  from  the  area  of 
the  Galena  limestone  to  the  St.  Croix  sandstone.  The  valleys 
widen  in  the  sandstone  areas,  and  become  abruptly  narrow  in  the 
limestone  belts.  In  passing  down  a  stream,  within  a  sandstone 
area,  where  the  valley  is  perhaps  half  a  mile  wide,  with  tilled  farms 
in  the  bottom  land,  the  high  bluffs  being  remote  from  the  stream, 
the  first  indication  of  an  approaching  change  in  the  formation  is  the 
rise  of  a  terrace  along  the  immediate  river  bank,  with  an  occasional 
exposure  of  lime  rock  facing  the  water.  This  terrace,  which  be- 
comes almost  continuously  rocky,  rises  slowly  till  it  exposes  the  full 
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thickness  of  tihe  rook  whieh  caases  it.  On  the  other  hand,  the  first 
evidence  of  a  change  from  limestone  to  sandstone,  visible  in 
descending  the  stream,  is  the  occurrence  of  a  waterfall  or  rapid. 
Such  changes  produce  water-powers,  many  of  which  have  been 
improved.  Hence,  the  location  of  a  flouring  mill,  on  one  of  these 
branches,  is  an  intimation  to  the  geolgist  that  at  that  point  one  of 
his  boundary  lines  crosses  that  stream.  Around  these  points  gath* 
ered  the  first  village  settlements.  Preston  is  located  where  the 
water-power  formed  by  the  descent  of  the  liver  from  the  Shakopee 
on  to  the  Jordan  induced  the  construction  of  mills.  The  water* 
power  at  Chatfield  is  formed  in  the  same  way.  Near  Fillmore  the 
branches  of  Root  river,  known  as  Deer  and  Bear  creeks,  afford  good 
water  powers  by  their  descent  from  the  lower  Trenton  to  the  St. 
Peter.  Mills  have  been  built  at  both  points.  On  the  south  branch 
of  Boot  river,  above  Forestville,  the  stream  leaves  the  Trenton,  and 
the  waterfall  has  been  improved  in  the  same  manner,  at  Baldwin's 
Mill.  The  same  fact  is  illustrated  by  a  great  number  of  eastward 
fiowing  streams,  in  the  eastern  border  counties,  between  Fillmore 
county  and  the  falls  of  St.  Anthony  at  Minneapolis.  Of  course, 
rapids  are  also  likely  to  be  formed,  especially  in  small  streams, 
when  passing  through  the  areas  of  rock  of  uniform  hardness.  Such 
water-powers,  and  others  that  are  formed  by  the  construction  of 

dams,  do  not  fall  into  this  class. 

• 

While  the  immediate  valleys  of  Boot  river  and  its  tributaries  are 
apt  to  be  rocky,  the  country  that  spreads  out  in  either  direction, 
afber  leaving  the  valleys,  is  not  rough.  It  is  rolling,  or  undulating. 
In  the  eastern  portion  the  rocks  are  covered  by  a  heavy  deposit  of 
rich,  clayey,  loam,  known  as  the  loess^  which  fills  up  many  depres- 
sions and  lends  a  uniform  and  remarkable  fertility  to  the  soil.  It 
constitutes  the  soil.  The  farms  are  all  well  drained,  naturally.  The 
county  contains  no  lakes.  In  York  township  there  is  a  slough  which 
on  some  maps  is  represented  as  a  lake.  It  is  about  a  quarter  of  a 
mile  across.  The  Trenton  area  is  distinctly  separated,  topographi- 
cally, from  that  of  St.  Peter  and  the  lower  formations.  From  the 
Trenton  to  the  Lower  Magnesian  the  surface  descends  by  a  step  or 
terrace,  about  125  feet.  Some  of  the  Trenton  areas  are  isolated  from 
the  main  area,  and  constitute  small  tables  or  mounds,  which  are  well 
known  as  ^^  Trenton  mounds  "  in  the  early  reports.  Some  travelers 
have  referred  them  to  the  agency  of  the  ancient  "  mound  builders,** 
and  a  good  many  of  the  residents,  who  are  not  aware  of  the  geolc^- 
ical  causes  that  have  produced  them,  sLill  believe  that  they  are 
artificial  instead  of  natural.    From  some  of  the  elevated  Trenton 
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areas,  overlooking  the  river  valleys,  magnificent  views  of  landscape 
may  be  had.  From  the  elevated  Trenton  area  in  Newbarg  town- 
ship, the  eye  looks  over  the  valley  of  S.  Boot  river,  and  can  almost 
discern  the  Trenton  blnfSs  on  the  opposite  slopes  of  Boot  river  in 
the  northern  part  of  the  county.  From  the  peninsula  of  the  Trenton 
running  north  between  Camp  and  Willow  creeks,  in  Preston  town- 
ship, the  village  of  Fountain  is  plainly  discernible  across  the  valleys 
of  the  S.  Branch  of  Boot  river  and  Watson's  creek,  with  a  wide  ex- 
panse of  alternating  timber  and  prairie  between,  while  on  either  side 
is  a  broad  undulating  valley  of  prairie  land.  On  the  east  is  Camp 
creek  valley,  and  on  the  west  is  that  of  Willow  creek.  These  valleys 
are  deep  and  wide,  but  owing  to  the  thickness  of  the  loess  loam, 
the  slopes  are  gentle  and  broad,  and,  in  the  fall  of  the  year,  when 
the  industry  of  the  farmer  is  exhibited  in  the  plowing  of  his  wheat 
fields,  and  the  threshing  of  his  last  crop,  in  every  direction  may  be 
heard  the  rattle  of  threshers,  often  running  by  steam,  and  may  be 
seen  a  ^hundred  teams  preparing  for  the  next  harvest.  Another 
magnificent  view  may  be  obtained  from  the  Trenton  peninsula  on 
sees.  10  and  15  in  CarroUton.  From  here  the  view  extends  north 
over  the  valley  of  Boot  river  to  the  Trenton  blufils  along  the  north 
boundary  of  the  county,  a  distance  of  over  forty  miles,  and  toward 
the  south  over  the  valley  of  the  S.  Branch  of  Boot  river,  looking 
over  Preston  and  Lanesboro,  which  are  situated  within  the  river 
blufiTs,  so  far  below  the  general  level  of  the  country,  that  they  can 
be  seen  but  a  short  distance  before  reaching  them.  Further  down 
Boot  river  valley,  the  gorge  in  which  the  river  runs  becomes  wider, 
being  at  Bushford,  about  two  miles  in  width  with  fine  farm  lands  in 
the  bottoms.  The  bluffs  are  rounded  off  with  age  and  have  a  thin 
soil,  generally  turfed,  though  showing  frequent  rock  exposure.  The 
river  is  there  565  feet  below  the  tops  of  the  bluffs,  as  measured  by 
aneroid.  At  Whalen,  in  Holt  township,  the  river  is,  by  the  same 
measurement,  470  feet  below  the  top  of  the  Trenton  terrace  on  sec. 
20.  Whalen's  Bluff  is  250  feet  high  above  the  river.  At  Lanesboro, 
in  CarroUton,  the  river  is  285  feet  below  the  immediate  river  bluffs, 
which  consist  wholly  of  the  Lower  Magnesian  formation,  and  about 
440  feet  below  the  top  of  the  Trenton  terrace  on  sec.  20,  Holt.  At 
Preston  the  river  at  the  stone  mill  is  335  feet  below  the  Trenton 
terrace,  which  forms  the  general  level  about  a  mile  south  of  the 
village.  At  Isinours  Station  the  river  runs  145  feet  below  the  top 
of  the  Shakopee  limestone  which  forms  there  the  brow  of  the  im- 
mediate river  bluffs.  At  Forestville,  the  height  of  the  country, 
north  of  the  village,  above  the  river,  is  285  feet.    The  immediate 
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liver  blufb  are  190  feet  above  the  mill  pond.  At  Chatfield,  the  river 
is  about  222  feet  below  the  general  level  of  the  country.  At  Fillmore, 
the  prairie  upland  is  200  feet  above  the  river  level.  From  Fountain 
to  Isinours  station,  the  track  of  the  Southern  Minnesota  railroad  de- 
scends 401  feet,  passing  from  the  upper  Trenton  to  the  St.  Lawrence, 
and  entering  the  latter  formation  about  25  feet,  the  rocks  all  lying 
nearly  horizontal  At  Weisbeck's  Million  Deer  Creek,  section  11, 
Spring  Valley,  the  river  is  205  feet  below  the  general  level  of  the  coun- 
try. There  is  here  a  little  drift,  but  the  cut  is  mostly  in  the  Galena 
and  Trenton  limestones.  The  village  of  Fountain  is  about  350  feet 
higher  than  the  terrace,  at  Preston,  on  which  the  Stanwix  House 
stands.  These  measurements  might  be  multiplied,  but  enough  have 
been  given  to  show  the  unevenness  of  the  surface,  due  to  erosion. 
The  rocks  He  everywhere  nearly  horizontal.  The  varied  topography 
of  the  county  is  due  to  the  influence  of  running  water,  and  atmos- 
pheric forces,  on  the  rocks,  combined  with  their  alternations  of  lime- 
stone with  soft  sandstone.  The  limestones  are  firm,  and  resist 
these  forces  much  longer  than  the  sandstones.  They  alternate  in 
the  following  manner,  in  descending  order : 

Trenton  limestone. 
St.  Peter  sandstone. 
Shakopee  limestone. 
Jordan  sandstone. 
St.  Lawrence  limestone. 
St.  Croix  sandstene. 

The  limestones  form  the  prominent  features  in  the  topography. 
They  have  the  most  frequent  outcrops.  They  project  along  the 
summits  of  the  bluffs,  and  constitute  the  brows  of  benches  or  ter- 
races that  diversify  the  county.  The  sandstones  never,  or  very  sel- 
dom, appear  in  the  tops  of  the  bluffs.  They  outcrop  in  sheltered 
nooks,  or  below  the  ^ine  of  the  limestone  exposure.  They  are  more 
likely  to  be  hid  by  soil  and  turf.  The  lower  Trenton  contains,  be- 
sides about  20  feet  above  the  St.  Peter  sandstone,  a  layer  of  easily 
eroded  green  shale,  which,  outcropping  by  roadsides,  introduces  a 
series  of  springs  and  muddy  spots,  being  impervious  to  water,  that 
invariably  follows  that  boundary  line  wherever  it  goes.  It  with- 
stands the  disintegrating  action  of  the  elements  even  more  success- 
fully than  the  limestones  themselves.  For  that  reason  it  protects 
that  portion  of  the  Trenton  which  lies  below  it,  long  after  that  which 
lies  above  it  has  been  entirely  denuded.  The  strike  of  the  upper 
Trenton  is  often  driven  back  several  miles  from  that  of  the  lower 
Trenton.    The  lime  rock  which  lies  below  this  shale  is  about  20  feet 
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thick.  The  singalar  Trenton  mounds,  which  have  already  been 
mentioned,  are  composed  of  the  lower  Trenton  protected  by  a  great- 
er or  less  thickness  of  the  green  shale,  and  a  portion  of  the  St. 
Peter  sandstone.  The  subjoined  diagram  illustrates  the  manner  of 
weathering  down  of  the  Trenton  and  St.  Peter.  Instances  of  this 
may  be  seen  in  almost  any  square  mile,  in  the  loam-covered  area, 
along  the  outrunning  strike  of  the  Trenton. 
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At  a  the  Trenton  has  its  ftill  thickness,  aboat  160  feet.  Such  a 
point  may  be  foand  at  Fountain ;  b  represents  an  outcrop  of  the 
upper  Trenton,  as  seen  along  the  gorges  that  are  frequent  in  the 
Trenton  area.  Such  an  outcrop  is  visible  at  the  ^^Big  Spring,"  a 
few  miles  northwest  of  Fountain,  where  the  water  rushes  out  in  a 
great  volume  near  the  base  of  the  bluff,  and  probably  on  a  level 
with  the  top  of  the  Green  Shale.  At  c  is  a  marshy  tract,  or  one 
that  is  gently  sloping,  having  a  springy  margin,  near  the  brow  of 
the  lower  bluff.  Such  spots  are  visible  particularly  at  Chatfleld,  in 
the  northern  part  of  the  village,  near  Jacob's  lime-kiln,  and  west  of 
there.  A  fine  illustration  of  the  effect  of  this  shale  on  the  surface 
drainage  may  be  seen  in  section  85,  Holt,  where  a  copious  spring 
issues  from  near  the  top  of  the  mound  of  Trenton,  the  water  being 
shed  by  the  shale  overlying,  and  is  gathered  by  troughs  into  a  tank 
for  watering  stock,  d  represents  the  outcropping  edge  of  the 
lower  Trenton,  It  is  this  which  is  seen  in  the  summits  of  the  iso- 
lated mounds,  and  which  forms  the  conspicuous  shoulder  that  exists 
wherever  the  strike  of  the  lower  Trenton  crosses  the  county.  The 
slope  e  is  occupied  by  the  St.  Peter  sandstone.  Sometimes  this  is 
quite  precipitous,  and  its  upper  forty  or  fifty  feet  are  very  apt  to  be, 
but  its  lower  portion  is  generally  very  gently  descending,  so  that  it 
is  impossible  to  determine  when  it  is  replaced  by  the  Shakopee 
which  underlies  it.  The  horizontal  distance  between  h  and  d  is 
sometimes  several  miles.  This  is  apt  to  be  the  case  along  the  east- 
em  margin  of  the  Trenton  area.  Indeed  the  detached  Trenton 
areas  in  Holt  and  Amherst,  and  notably  that  in  Pilot  Mound,  town- 
ships, comprise  only  this  lower  portion  of  the  Trenton.  The  Shak- 
opee limestone,  /,  underlying  the  St.  Peter,  is  that  which  occurs 
along  the  tops  of  the  inmiediate  blufiis  of  the  river,  as  at  Preston, 
Lanesboro,  Clear  Grit  and  Whalen.  At  Chatfield  it  is  seen  at  the 
mill,  and  rises  about  thirty  feet  above  the  river. 

Throughout  the  Trenton  area  are  found  a  great  many  depressions 
that  are  well  known  as  ^^sink-holes."  These  consist  of  broken 
down  spots  in  the  drift,  or  loam,  where  it  had  been  spread  over  a 
pre-existing  canon  in  the  rock.  In  some  places  they  are  very  nu- 
merous, but  they  are  confined,  so  far  as  known,  with  but  a  single 
exception,  to  the  Trenton  areas.  They  throw  some  light  on  the 
condition  of  rocky  surface  prior  to  the  period  which  witnessed  the 
spreading  of  the  drift.  The  rock  was  wrought,  at  least  in  Fillmore 
county,  in  very  much  the  same  manner  as  we  now  see  it  along  the 
river  gorges.  The  immense  valleys  of  erosion  which  we  see,  not 
only  in  Fillmore  county,  but  also  throughout  the  tract  that  has  been 
denominated  the  ^^  DrilUess  area,"  were  excavated  before  the  glacial 
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period.  When  the  streams  of  the  present  time  run  in  such  gorges 
they  have  been  so  located  by  the  exigencies  of  surface  drainage 
and  erosion  since  the  glacial  epoch.  That  these  gorges  antedate 
the  glacial  period  is  shown  by  their  existence  beneath  the  glacial 
drift.  These  sink-holes  sometimes  occur  in  lines,  and  with  increas- 
ing frequency  and  size  toward  a  large  valley,  and  at  last  coalesce 
so  as  to  form  a  continuous  valley,  though  fVequently  without  run- 
ning water,  that  becomes  tributary  to  the  larger  gorge.  These 
gorges  under  the  drift  can  sometimes  be  traced  for  some  distance 
by  a  series  of  successive  sink-holes.  Sometimes  streams  are  lost 
in  them,  and  reappear  at  lower  levels.  There  are  several  well- 
known  subterranean  passages  in  the  county.  Lost  Creek,  in  Jordan 
township,  and  the  Brook  Kedron,  in  Sumner,  both  have  underground 
passages  for  several  miles.  Ganfield  Creek,  south  of  Forestville, 
runs  underground  about  twelve  miles,  and,  finally,  the  south  branch 
of  Boot  River  sinks  on  the  northeast  quarter  of  section  19,  For- 
estville, and  runs  underground,  except  in  high  water,  to  about  the 
center  of  section  21,  where  it  reappears  again.  These  underground 
passages  are  in  the  area  of  the  Trenton.  They  indicate  the  corru- 
gated surface  the  country  presented  prior  to  the  overspreading  of 
the  drift  and  loess  loam.  The  Trenton  cannot  be  supposed  to  have 
been  any  more  subject  to  such  causes  as  produced  this  channeling 
in  the  rock  than  the  other  formations  of  the  Lower  Silurian.  There 
is  some  reason,  however,  why  th^se  gorges  are  found  almost  entire- 
ly confined  to  that  limestone.  As  has  been  said,  the  rest  of  the 
Lower  Silurian  consists  of  alternating  sandstones  and  limestones, 
which  conduces  to  their  breaking  down  laterally,  the  sandstones 
easily  crumbling  out.  The  Trenton  limestone,  on  the  other  hand, 
while  it  has  a  thickness  of  160  feet,  more  or  less,  has,  near  its  base, 
a  bed  of  impervious  shale,  which  prevents  the  downward  infiltration 
of  the  surface  water,  and  protects  the  underlying  sandstone.  Hence 
the  erosions  that  operate  laterally,  in  tearing  down  the  other  Lower 
Silurian  formations,  are  occupied,  in  the  Trenton  limestone  area,  in 
cutting  narrow  perpendicular  gorges.  For  this  reason  the  Trenton 
area  is  every  where  the  highest  in  the  county.  From  the  eastern 
boundary  of  the  Trenton,  looking  east,  one  beholds  a  broad  land- 
scape lying  several  hundred  feet,  in  some  places,  below  him,  the 
effect  of  the  more  rapid  denudation  of  the  rocks  of  that  portion  of 
the  county.  Lito  such  narrow  gorges  neither  the  drift  nor  the  loess 
loam,  however  deposited,  would  enter  with  such  compactness  as  to 
close  up  the  pre-existing  water  courses ;  and  when  partially  closed 
up,  as  they  were  wherever  sink-holes  have  since  appeared,  they 
have  been  undergoing  ever  since  a  process  of  re-excavation.    This 
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process  is  revealed  in  the  occasional  collapsing  of  the  sarface  soil, 
and  the  formation  of  a  new  sink-hole,  and  in  the  enlargement  of 
others,  since  the  settlement  of  the  coanty.  The  following  notes  on 
the  various  towns  of  the  coanty  show  the  distribation  of  timber, 
the  area  and  the  magnetic  variation  at  the  time  of  the  United  States 
township  survey  (1854.)  The  distribation  of  timber,  however,  as 
herein  noted,  varies  somewhat  from  the  actual  facts  as  existing  at 
the  present  time.  The  areas  of  timber  as  they  exist  now,  are  more 
correctly  shown  on  the  accompanying  map,  which  is  based  on  that 
of  the  county  published  in  Andreas'  Atlas  of  Minnesota. 

In  addition  to  the  timbered  areas  as  here  noted,  a  great  propor- 
tion of  the  county  is  covered  with  bushes  which  are  composed  of 
hazel,  aspen,  oak  (two  sorts)  and,  where  these  are  wanting,  a 
species  of  low  willow  which  seems  to  come  up  first  after  the  prairie 
fires  are  stopped.  After  the  willow,  hazel  and  oak  and  aspen  grad- 
ually come  in,  and  in  time  convert  the  original  prairie  to  a  bushy  or 
timbered  region.  Over  a  great  deal  of  the  county  this  process  is 
going  on.  There  are  thousands  of  acres  pf  young  native  timber  not 
exceeding  five  or  six  inches  in  diameter. 

The  general  elevation  of  the  county  above  the  sea  may  be  seen 
Arom  the  following  points  along  the  Southern  Minnesota  R.  R. : 

Bushford  Depot 711  feet. 

Lanesboro  Depot S81  feet. 

Isinour's  Station 888  feet. 

FouDtain  Depot • 1,289  feet. 

Grand  Meadow,  Mower  Coanty 1,826  feet. 

Nates  from  the  Surveyor's  Plats  of  Toums  of  FiUmore  Co, 

Newburg.     T.  101  N.,  B.  8  W. 

A  large  portion  of  this  town  is  prairie.  In  the  N.  W.  corner  the 
S  •  Branch  of  Root  river  introduces  a  broken  and  wooden  tract  in 
sees.  6,  5  and  4.  Thickets  of  small  timber  are  found  in  the  central 
and  southwestern  portions,  and  also  in  the  northeast.  Magnetic 
Variation  4^  45'  to  9^  22'.    Area,  23,045.54  acres. 

Preble.     T.  102  N.,  B.  8  W. 

This  town  is  mainly  wooded.  It  is  crossed  in  the  northeasterly 
direction  by  the  south  branch  of  Root  river,  which,  with  its  tribu- 
taries brings  in  a  great  diversity  of  surface.    There  is  a  small 
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prairie  pfttch  in  aectkms  25,  26,  34,  85  and  86.    Bfagnctic  Vmriatioii 
60  1<K  U>  9'>  12'.    Area,  28,058.60  acres. 

Norwafif.     T.  108  N.,  R.  8  W. 

An  irregular  patch  of  prairie  enters  this  town  ftom  the  sooth  and 
west,  becomes  narrow  in  the  central  portion,  bat  expands  to  three 
miles  in  extent  N.  and  S.  in  the  northeastern.  This  prairie  belt  is  a 
divide  between  the  tributaries  of  the  Sonth  Branch  and  of  Boot  river^ 
and  is  broken  into  by  the  blulCi  that  accompany  those  tributaries  and 
extend  beyond  the  limit  of  flowing  water.  Variation  6^  46'  to  9o  l  O'. 
Acreage,  23,012.08. 

Ruihf<yrd.     T.  104  N.^  M.  8  W. 

The  only  prairie  land  found  in  this  town  is  that  along  the  bottom 
land  of  Boot  river  Ijring  within  the  rock  blnfib.  This  is  marshy,  ex- 
cept along  the  tributary  valleys.  Boot  river  crosses  the  central  part 
of  the  town,  and  flows  several  hundred  feet  lower  than  the  level  of 
the  adjoining  country.  Magnetic  Variation  5o  45'  to  9o  6^  Acreage, 
23,149.13. 

CanUm.     T.  101  N,  B.  9  W. 

This  township  is  wooded,  except  in  the  northeastern  and  south- 
eastern portions,  and  a  small  area  entering  from  the  west  covering 
sees.  18  and  19.    Mag.  Var.  7^  5'  to  10o56'.    Acreage,  23,054.32. 

Amherst.     T.  102  N.,  B.  9  W. 

The  larger  portion  of  this  town  is  prairie,  broken  with  patches  of 
thicket  and  heavier  timber.  Mag.  Var.  7^  42'  to  10^  50'.  Acreage, 
23,045.72. 

* 

JETott.     T.  103  N.y  B.  9  W. 

A  prairie  tract  covers  sees.  25,  35  and  36,  and  a  portion  of  31. 
With  this  exception,  and  the  wet  prairie  within  the  river  bluffs,  this 
town  is  wooded.  •  The  Boot  river  passes  through  sections  7,  8,  9, 
8  and  2.    Mag.  Var.  5^  12'  (N.  side  of  sec.  3)  to  14^  51'  (N.  side  of 
sec.  5).    Acreage,  23,046.70. 
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Arendahl  T.  104  N.,  B.  9  W. 

The  prairie  portion  is  in  the  northwest  and  centre.  A  belt  of  tim- 
ber skirts  along  the  northern  boundary,  and  on  the  east  unites  with 
the  timber  of  the  Boot  river  valley  in  the  southeast.  About  one- 
half  of  the  town  is  timbered.  Mag.  Var.  5o  21^  to  17o.  (The  for- 
mer is  on  the  south  side  of  sec.  38,  and  the  latter  on  the  south- 
west part  of  the  same  section.)     Acreage,  28,007.34. 

Harmony.     T.  lOl  N.,  R.  10  W. 

This  town  is  represented  as  all  wooded  except  about  one  section, 
covering  parts  of  14,  13,  28  and  24 ;  and  about  half  a  section  cov- 
ering contiguous  portions  of  sees.  18  and  19.  (There  seems  to  be 
an  error  in  the  plat  of  this  town.  The  central  portion  is  probably 
prairie.)    Mag.  Var.  9o  25'  to  12o.    Acreage,  28,018.72. 

PrsHon.     T.  102  N.,  B.  10  W. 

This  town  is  greatly  diversified  with  frequent  changes  from  prairie 
to  thicket  and  timber.  The  Boot  river,  which  enters  it  in  section  6, 
soon  leaves  it  on  section  5,  but  by  its  deeply  eroded  valley  has 
brought  in  a  marked  diversity  of  surface,  accompanied  by  more  or 
less  timber.    Mag.  Var.  9°  17'  to  12''  12".  Acreage,  28,008.29. 

OarroUUm.    T.  108  N.,  B.  10  W. 

There  is  but  little  prairie  in  this  town.  The  only  parts  so  repre. 
sented  being  in  sections  85  and  86,  and  the  northern  portion  of  sec- 
tion 6.  A  tract  of  heavy  timber  occurs  in  the  northwest,  sections 
7  and  8.  The  valley  of  the  Boot  Biver,  though  very  rough,  is  not 
always  wooded.   Mag.  Var.  e""  12"  to  18^  45'.    Acreage,  28,026.84. 

Pilot  Mound.    T.  104  N.,  S.  10  W. 

In  the  northeastern  part  there  is  a  prairie  tract  and  also  in  the 
northwestern,  but  the  greater  portion  is  represented  as  wooded,  or 
covered  with  brush  and  thickets.  The  Boot  river,  which  crosses  it 
in  a  southeasterly  direction,  brings  in  a  deep  valley  of  erosion,  with 
rook-bound  bluffs  several  hundred  feet  high.  Var.  8^  51'  to  13^  45'. 
Acreage,  22,998.57. 
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Bristol     T.  101  N.,  B.II 


This  town  oonsists  of  prairie  and  thickets,  a  belt  of  the  former, 
widening  to  5  miles  toward  the  west,  crossing  it  fh>m  east  to  west* 
Mag.  Var.  lO""  20'  to  12^  10'.    Acreage,  23,026.98. 

Carimona.     T.  102  2^.,  22.  11  W. 

There  is  an  area  of  prairie  in  the  southwestern  comer  of  this  town, 
bat  the  most  of  the  town  is  covered  with  sparse  timber,  with  patches 
of  heavy  timber.  It  has  a  great  many  ''  sink  holes."  Mag.  Var. 
80  80'  to  12°  15'.    Acreage,  28,071.37. 

Fountain.     T.  103  JT.,  B.  11  Fl 

A  great  many  *'  sink  holes"  also  are  found  in  this  town.  It  has 
small  patches  of  timber  or  oak  thickets,  scatterred  over  the  whole 
area,  and  a  considerable  heavy  timber  along  the  streams.  Watson's 
creek  crossing  it  from  west  to  east,  is  the  caase  of  a  considerable 
diversity  of  surface.    Var.  S""  5'  to  11^  6'.    Acreage,  28,108.77. 

OhaffiM.     T.  104  N.,  B.  11  W. 

The  North  Branch  of  Boot  river,  with  its  various  tributaries, 
causes  a  rough  and  sometimes  rocky  character  of  surface  to  prevail 
in  much  of  this  town.  It  has  bat  little  real  prairie,  though  there  are 
openings  in  the  thickets  and  oak  bushes  that  are  without  timber. 
Mag.  Var.  7^  51'  to  11^  2'.    Acreage,  28,022.68. 

York.     T.  101  N.,  B.  12  W. 

A  tract  of  wood  and  thicket  crosses  this  town  N.  and  S.,  about 
two  miles  wide,  east  of  the  center.  The  rest  is  prairie.  Mag.  Var. 
SP  49'  to  110  48'.    Acreage,  23,076.54. 

Forest^Me.     T.  102  N.y  B.  12  W. 

The  central  part  of  this  town  is  covered  with  timber  and  small 
oaks  and  aspens.  It  has  a  tract  of  prairie  in  the  N.  W.  and  in  the 
S.,  both  together  covering  about  six  sections.  It  abounds  in  sink 
holes.    Mag.  Var.  9^  41'  to  12^  2'.    Acreage,  28,205.28. 
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FiUmare.    T.  198  N.^  B.  12  W. 

There  is  a  region  of  heavy  timber  west  of  the  Middle  Branch  of 
Root  river,  in  this  town.  The  rest  is  prairie  interspersed  with 
thickets  and  patches  of  oak  brush  and  aspen.  Mag.  Yar.  8P  40'  to 
110  42'.    Acreage,  28,082.88. 

Jordan.     T.  104  ^.,  B.  12  W. 

The  greater  portion  of  this  town  is  covered  with  heavy  timber, 
the  only  noteworthy  region  of  prairie  being  in  the  northwestern 
comer,  covering  sees.  6,  7  and  18,  and  parts  of  19,  20,  17,  8  and  5. 
Mag.  Var.  9o  42'  to  12^.    Acreage,  28,085.51. 

Beaver.    T.  101  N.,  B.  18  W. 

A  strip  of  timber  accompanies  the  vaUey  of  Slongh  Creek,  across 
the  whole  of  this  town,  fh>m  section  6  to  section  85,  and  the  rest  is 
of  prairie,  with  several  narrow  slooghs,  running  generally  north  and 
south.    Mag.  Var.  8o  59'  to  lio  15".    Acreage,  28,072.50. 

BUnymfidd.    T.  102  N.,  B.  18  W. 

There  is  an  irregular  area  of  timber  and  oak  brush  in  the  eastern 
and  central  part  of  this  town,  accompanying  and  spreading  north- 
ward Arom  the  valley  of  the  South  Branch  of  Boot  river,  but  about 
two-thirds  of  the  whole  is  of  prairie,  with  a  few  sloughs  in  the  east- 
em  part.    Mag.  Var.  90  8^  to  12o.    Acreage,  28,018.96. 

Spring  VaOey.    T.  108  JT.,  B.  18  W. 

There  is  a  belt  of  prairie  covering  the  southem  tier  of  sections^ 
including  parts  of  29,  28  and  27.  The  rest  is  sparsely  or  heavily 
timl>ered.    Var.  10^  15'  to  18^.    Acreage,  28,068.86. 

SuiMMT,    T.  104  N.^  B.  18  W. 

The  southeastern  part  of  this  town  is  wooded,  but  more  than  one- 
half  is  of  prairie,  and  flat.  Mag.  Var.  &^  25'.  to  18^  15'.  Acreage, 
82,915.69. 
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SoU  and  Timber. 

The  soil  of  the  coanty  is  generally  very  fertile.  The  immediate 
surface  is  a  loam.  This  varies  in  color  and  composition,  as  well  bm 
in  origin.  That  portion  of  the  coanty  covered  with  the  northern 
drift  has  primarily  a  drift  soil,  which  consists  of  gravelly  day. 
Where  this  forms  the  immediate  surface,  which  is  the  case  only  on 
knolls  and  on  the  brows  of  the  river  bluffs,  it  affords  a  soil  of  an 
ashen  color,  if  dry.  In  timbered  belts  it  is  more  stony,  or  gravelly. 
In  the  open  prairies,  and  in  low  grounds,  it  is  covered  with  a  loam. 
This  is  believed  to  have  resulted  from  the  natural  decomposition  of 
the  coarse  materials  of  the  drift,  under  the  calcining  influence  of  the 
prairie  fires,  and  the  frosts  of  ages.  It  has  never  been  seen  strati- 
fied, or  arranged  with  any  regularity  that  would  indicate  its  having 
been  deposited  either  by  standing  or  running  water.  In  most  cases, 
especially  on  the  open  prairie,  it  is  nearly  black.  As  it  is  mingled 
with  the  drift  clay,  it  becomes  lighter  colored.  In  the  low  grounds 
it  is  much  thicker,  and  also  of  a  black  color.  Overlapping  the  drift 
area,  in  a  belt  about  five  miles  wide,  is  a  soil  formed  by  the  ming- 
ling of  the  loess  loam  with  the  drift.  The  loess  loam  is  later  than 
the  glacial  drift,  and  in  the  process  of  deposition  it  is  modified  by 
contact  with  the  drift  clay.  The  loess  loam  is  indistinctly  strati- 
fied, though  it  usually  appears  massive,  and  consists  of  fine,  often 
clayey,  sediment.  The  soil  derived  from  it,  usually  sandy  and  light 
colored,  or  rusty,  is  sometimes  so  clayey  as  to  make,  when  wet,  a 
fine  and  very  slippery  mud.  The  soil  derived  distinctively  tcom  the 
loess  loam  covers  at  least  one-half  of  the  county,,  and  is  supposed 
to  extend  to  the  Mississippi  river.  It  makes  a  rich  and  apparently 
a  strong  soil,  as  it  supports  a  cropping  of  wheat  from  year  to  year. 
It  is  impossible  to  define  its  western  limit.  If  it  were  derived  from 
a  long-standing  inland  lake,  some  beach  lines  would  be  found  indi- 
cating its  western  boundary.  No  beach  lines  have  been  found. 
That  it  was  deposited  from  standing  water  can  hardly  be  questioned. 
It  thins  out  westwardly  gradually,  passing  through  a  confused  or 
itiixed  condition,  resulting  from  the  mingling  of  the  drift  materials 
with  the  sediment,  or  by  its  overlapping  the  drift.  While  the  es- 
sentially loess  loam  soil,  of  the  eastern  part  of  the  county,  can  be 
distinguished  easily  from  the  drift  soil  of  the  western,  no  line  of  de- 
ma  rkati  on  separating  them  has  been  noticed.  A  line  drawn  frt>m 
the  southeast  comer  of  Bristol  to  the  northeast  corner  of  Jordan 
would  roughly  set  off  the  area  that  has  a  distinctively  loess  loam 
soil.  West  of  that  is  a  belt  five  or  six  miles  wide,  in  which  the  loess 
loam  soil  mingles  with  the  drift  soil.    The  rest  of  the  county  toward 
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the  west  is  occupied  with  a  distinctively  drift  soil,  or  drift  loam 
soil. 

The  following  list  embraces  such  native  trees  and  shrubs  as  were 
seen  in  the  survey  of  the  county.  The  trees  are  arranged  in  the  es- 
timated order  of  frequency.  The  area  covered  by  native  timber  is 
steadily  increasing : 

Burr  Oak.    Qaercus  macrocarpa.    Michz, 

Bed  Oak.  Qaercus  rubra.  L,  [f]  [This  Is  the  oak  thai  is  abundant  as 
underbmshy  and  small  trees.  It  often  forms  thickets  skirting  the  outlines 
of  a  praine.] 

Aspen.  Populus  tremuloides.  Hickx.  [GeneraUy  small,  and  on  the 
borders  of  prairies.] 

White  Oak.  Quercus  alba.  X.  [Common  in  the  timber  in  Spring  Valley 
and  Jordan  townships,  and  generally  along  the  valleys  of  the  principal 
streams.] 

Wild  Plum.    Prunus  Americana.    Marsh. 

Oreat-toothed  Poplar.  Populas  grandldentata.  Michx,  [Very  frequently 
mistaken  for  the  American  Aspen  ] 

American  Elm.    XJlmus  Americana.    (P{.  Clayt,)     Willd. 

Bass.    Tilla  Americana.    L, 

White  Ash.    Frazinus  Americana.    L, 

American  Crab.  Pyrus  coronaria.  L.  [Common  along  the  margins  of 
prairies  and  in  open  valleys.] 

Iron  Wood.    Ostrya  Virginica.     Willd. 

Red  Maple.    Acer  rabrnm.    L. 

Sugar  Maple.  Acer  saccharinum.  Wang.  [Common  in  the  heavy  timber 
in  Spring  Valley  and  Jordan  township.] 

Cottonwood.    Populus  monlllfera.    Ait. 

Black  Cherry,    t^mnas  serotina.    Ehr.    [Trees  generally  small.] 

Black  Oak.  Qnercus  tinctorla.  Bart*  (?)  [Found  in  the  heavy  timber 
in  the  northwestern  portion  of  the  county. 

Bltternut,    Carya  amara.    Nutt. 

Butternut.  Juglans  clnerea.  L.  [Seen  most  abundant  in  the  heavy 
timber  In  the  northwestern  part  of  the  county.] 

Wild  Red  Cherry.    Prunus  Pennsylvanica     L. 

Thorn  Apple.    Crataegus  coccinea.    L. 

Cockspur  Thorn.    Crataegus  Crus-galli.    X. 

White  Birch.  Betula  alba.  Var.  popallfolla.  JSjfHich.  (?)  [Trees  small; 
generally  on  stony  soil,  or  along  rocky  river  banks.] 

Black  Walnut.  Juglans  nigra.  L.  [In  the  heavy  timber  of  the  north- 
western part  of  the  connty.] 

Box  Elder.    Negundo  aceroides.  Mmneh. 

Small  Cedar.  Juniperus  Sabina,  L.  Var.  procnmbens,  Piir«A.(?)  [Along 
the  rocky  river  blniDs.] 

White  Pine.  Pinus  Strobus.  L.  An  occasional  large  tree  is  seen  along 
the  river  bluflb ;  bnt  the  most  of  it,  suitable  for  Inmber,  has  been  cnt. 

Water  Beech.    Carpinns  Americana.    Michx. 
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Shaff-bark  Hickory.    Carya  alba.   NvU.     [Seen  in  the  yalley  of  Hoot 
rtrer,  and  io  the  tribatary  gorges  at  Boshford.] 
Smooth  Snmac.    Bhos  glabra.    L, 
Ck>mel.    Comns  panicnlata.    L*JSer, 
Cornel.    Comns  circlnata.    L*Her. 
Wolf  berry.    Symphoricarpns  occidentalis.    B.  Br. 
American  Woodbine.    Lonlcera  grata.    AU. 
Jnneberry.    Amelanchler  Canadensis.    Torr,  and  Gray, 
Hazelnut.    Corylns  Americana.    WaU, 
High  Blackberry.    Bnbos  yiUosus.   AU. 
Bed  Basperry.    Bubns  strigosns.   mchx. 
Black  Baspberry.    Bnbns  occidentalls.    L, 
Dwarf  WUd  Bose.    Bosalncida.    Ehr. 
Pipe  Vine.    Aristolochia  Sipho.    VHer.  (/) 
Grape.   Vitis  cordifolla.    Mchx. 
Virginia  Creeper.    Ampelopsis  qninqnefolia.  W/chz. 
Nine  Bark.    Spiraea  opnlifolia.    L. 
Sheep-berry.    Vibnmnm  Lentago,    L. 
Staghom  Snmac.    Bhns  typhina.    L.    (Bare.) 
Bittersweet.    Celastms  scandens.    Zr. 
Bose.    Bosa  blanJa.    AU. 

The  Oeologicod  Structure. 

The  rocks  of  the  ooonty  belong  to  the  Devonian  and  to  the  Up- 
per and  Lower  Silnrian  ages.  The  Cretaceous  also  appears  in  Sam> 
ner  township,  in  the  extreme  northwestern  corner  of  the  county. 
They  occar  as  arranged  in  the  following  order,  with  their  approxi- 
mate thicknesses : 

1.  Cretaceous.  Thickness  unknown,  perhaps  100  feet,  lying  unconfbnn- 

ably  on  the  older  rocks.  ^ 

2.  Upper  Devonian.    Hamilton.        ^ 

8.  Lower  DevonUn.  Corniferous.(?)  > 100  feet.  7 

4.  Niagara  of  the  Upper  Silurian 800-860  feet. 

6.  Maquoketa  (Cincinnati)  of  the  Lower  Silurian ^76-100  fbet. 

6.  Galena,  of  the  Lower  Silurian 75-lOOfeet. 

7.  Trenton,  of  the  Lower  Silurian 160  feet. 

8.  St.  Peter,  of  the  Lower  Silurian 188  feet. 

8.  Shakopee,        ^  ^      76  feet. 

10.  Jordan,  >  Lower  Magnesian  of  the  Lower  Silurian, )  86-40  feet. 

11.  St.  Lawrence,  3  C     800  fleet. 

12.  St.  Croix,  of  the  Lower  Silurian,  exposed 876  feet. 

With  the  exception  of  the  Cretaceous  these  formations  have  a 
9irike  across  the  county  northwest  and  southeast.    They  have  a 

^Geology  of  WisconBln,  Vol.  1,  p.  181. 
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gentle  dip,  at  least  theoretically,  toward  the  sonthwest,  though  no 
general  dip  is  perceptible.  The  oldest  rock  in  the  county  is  the  St. 
Croix  sandstone,  which  appears  in  the  northeastern  corner  of  the 
county.  The  latest,  except  the  Cretaceous,  is  the  Devonian,  in  the 
southwestern  part  of  the  county.  The  areas  of  outcrop  are  shown 
by  the  colored  map  of  the  county  accompanying  this  report.  The 
boundary  between  the  Trenton  and  the  St.  Peter  is  the  most  accu- 
rately defined,  owing  to  the  terrace  which  marks  it.  The  boundary 
between  the  St.  Peter  and  Shakopee  it  is  impossible  to  ascertain 
certainly,  because  of  the  universality  of  the  loam,  which  acts,  in 
that  respect.  Just  the  same  as  a  heavy  drift  deposit,  and  also  be- 
oause  of  the  persistency  of  the  Shakopee  compared  to  that  of  the 
St.  Peter.  When  the  friable  rock  is  below  a  hard  and  persistent 
one,  as  the  St.  Peter  below  the  Trenton,  the  boundary  between 
them  can  be  traced  out  easily  by  the  resulting  topography ;  but 
when  the  soft  one  is  uppermost  it  wedges  out  imperceptibly  under 
the  loam,  or  drift,  and  one  cannot  say  when  it  is  all  gone.  In  the 
western  part  of  the  county  the  boundary  lines  are  all  obscured  by 
the  prevalence  of  the  drift.  The  Maqnoketa  shales  have  not  been 
seen  in  the  county.  They  are  visible  in  the  blufb  of  the  Upper 
Iowa  Biver,  at  Lime  Springs,  about  three  miles  south  of  the  State 
line,  and  very  probably  continue  through  Fillmore  county,  in  the 
strike  of  the  Lower  Silurian. 

The  St.  Oroix  Sandstone. 

The  area  of  the  St.  Croix  sandstone  is  small.  It  only  occupies 
the  lower  portion  of  the  river  blufb,  and  the  bottom  land  included 
between  them,  from  the  county  line,  near  Bushford,  to  near  Lanes- 
boro.  This  bottom  land  is  sometimes  two  miles,  or  more,  in  width, 
but  it  is  an  alluvial  deposit,  and  never  reveals  the  rock.  The  only 
visible  outcrops  are  in  the  slopes  of  the  bluflk.  This  sandstone  also 
enters  the  county,  in  a  similar  manner,  in  the  valley  of  the  South 
Branch  of  Boot  river,  and  extends  about  three  miles  west  of  the 
oounty  line. 

Its  general  lUhohgieal  character  is  all  that  can  be  learned  of  this 
rock  from  its  exposures  in  Fillmore  county.  The  opportunity  for 
examination  is  very  unfavorable.  The  blufb,  over  the  interval  oc- 
cupied by  it,  are  almost  universally  turfed,  and  a  heavy  talus  rises 
nearly  or  quite  to  the  lower  level  of  the  St.  Lawrence  limestone.  It 
is  in  general  a  light  colored  sandstone,  with  alternations  of  lime- 
stone, and  some  shale,  in  its  upper  portions.    The  sandstone  layers 
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cramble  easily.  Some  of  the  beds  are  of  a  very  coarse  grain,  but 
the  quartz  is  generally  white,  almost  transparent.  The  limestone 
layers  are  like  that  of  the  St.  Lawrence,  and  contain  a  few  fossils, 
none  of  which  have  been  studied  yet  with  care  sufficient  for  reliable 
specific  identification.  At  Whalen,  about  95  feet  of  the  St.  Croix 
sandstone  are  included  in  the  lower  slopes  of  the  bluff's.  This  thick* 
ness  of  bedding  disappears  below  the  river  level  before  reaching 
Lanesboro.  At  Rushford,  the  sandstone,  and  talus  which  is  sup- 
posed to  consist  mainly  of  sandstone,  rise  375  feet  above  the  river. 
Near  the  upper  portion  of  the  sandstone,  a  conspicuous  terrace  or 
line  of  frequent  exposure,  producing  a  shoulder,  may  be  seen  along 
the  creek  in  entering  Rushford  firom  the  south. 

The  St.  Lawrence  Limestone. 

This  is  the  lowest  portion  of  the  Lower  Mdgnesian  formation  of 
Dr.  D.  D.  Owen.  In  the  annual  report  for  1878,  the  geology  of  the 
Minnesota  Valley  is  given.  It  is  there  announced  that  the  great 
formation  to  which  the  name  Lower  Mdgneaian  has  been  applied* 
consists  of  three  distinct  members — ^two  limestones  separated  by  a 
sandstone — and  the  names  of  the  localities  where  tnese  members 

* 

have  their  characteristic  outcrops,  in  that  valley,  were  applied  to 
distinguish  them,  as  they  will  play  an  important  part  in  working 
out  the  detailed  geology  of  the  eastern  portion  of  the  state.  Since 
the  publication  of  that  report,  a  similar  subdivision  of  the  Lower 
Magnesian  has  been  discovered  in  the  state  of  Wisconsin,  and  it  is 
announced  in  the  American  Journal  of  Science  and  Arts,  for  June, 
1875,  by  Prof.  R.  Irving,  of  the  University  of  Wisconsin.  The 
county  of  Fillmore  lies  intermediate  between  the  two  points  at 
which  this  similar  alternation  of  parts  in  the  Lower  Magnesian  has 
been  identified,  and  may  throw  some  light  on  the  question  of  the  par- 
allelism of  these  principal  members,  Fillmore  county  is  separated 
from  the  Mississippi  river  by  one  county,  Houston,  which  is  24 
miles  in  width,  east  and  west,  and  borders  on  the  state  of  Iowa. 

The  area  of  this  limestone  is  embraced  in  that  which  is,  in  gen- 
eral, assigned  to  the  Lower  Magnesian  on  the  accompanying  mi^[>. 
Along  the  river  bluffs,  nearly  to  Rushford,  it  is  found  only  in  the 
lower  portion  of  the  lio^estone  belt,  as  the  Jordan  sandstone  and 
Shakopee  limestone  are  both  preserved,  and  overlie  it ;  but  toward 
Rushford  this  limestone  begins  to  be  the  only  one  that  is  found  in 
the  bluffs,  the  other  members  of  the  lower  Magnesian  having  a 
strike  across  the  country  some  miles  in  either  direction  away  fh>m 
the  immediate  valley.    There  are  places,  even  ftirther  east  still, 
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where  the  overlying  Jordan  and  Shakopee  are  preserved  and  appear 
in  the  tops  of  the  river  bluffs.  The  St.  Lawrence  extends  in  the 
bluffs  of  the  Boot  river  to  some  distance  above  Isinours'  Station, 
and  nearly  to  the  lower  mill  at  Pi*eston.  The  valley  of  Watson's 
creek  at  Isinours'  Station  is  cut  about  25  feet  into  the  St.  Lawrence. 
At  Lanesboro  the  amount  of  the  St.  Lawrence  visible  is  about  195 
feet.  At  Whalen  155  feet  are  seen  in  the  upper  portion  of  Whalen's 
bluff.  At  Bushford  the  uppermost  190  feet  of  the.blufib  are  of  the 
St.  Lawrence.  The  thickness  of  the  formation  is  not  far  from  200 
feet.    It  constitutes  the  principal  portion  of  the  Lower  Magnesian. 

The  St.  Lawrence,  in  Fillmore  county,  is  a  dolomitic  limestone^ 
with  some  of  its  layers  distinctly  arenaceous,  and  stained  with  green 
sand.  In  general,  its  bedding  is  regular  and  evident,  but  there  is 
a  thickness  of  about  15  feet  near  the  bottom  of  the  formation  in 
which  the  bedding  is  confused,  or  the  layers  are  lost  horizontally. 
Below  this  confused  bedding  are,  however,  about  25  feet  of  regular 
beds,  which  have  a  fine  even  grain,  and  though  not  plainly  arenace- 
ous, yet  have  a  very  fine  grit.  On  fresh  surfaces  it  is  of  a  buff 
color,  varying  to  cream  color.  The  upper  portion  abounds  in  patches 
of  white  calcite.  There  are  also  in  the  upper  portion  spots  that 
show  thin,  concentric,  though  wavy,  laminations,  as  if  from  con- 
cretionary forces,  or  the  result  of  silicified  masses  of  foraminifers^ 
reminding  the  observer  of  the  laminated  masses  of  limestone  from 
the  Laurentian  containing  the  Eozoon  Canadense  of  Dr.  Dawson. 
Though  the  most  of  the  rock  of  this  formation  is  vesicular,  often 
coarsely  so,  it  is  much  used  for  building,  for  which  it  fhrnishes  both 
large  blocks  for  the  heaviest  masonry,  and  fine-grained  stone  that 
can  be  cut  into  delicate  forms.  When  cut  for  window  caps  or  sills 
the  cut  surfaces  are  nearly  white.  The  bedding  varies  in  thickness 
from  two  or  three  inches  to  two  or  three  feet,  and  sometimes  em- 
braces thin  beds  of  shaly,  light-colored,  fine-grained  rock  that  is 
useless  for  all  purposes. 

At  Clear  Grit  Mills,  in  the  valley  of  Boot  river,  the  St.  Lawrence 
begins  to  show  a  continious  line  of  bare  rock,  in  the  river  bluffb, 
running  along  the  lower  slopes,  and  causes  a  shoulder  or  terrace  iif 
the  general  descent.  A  quarry  near  the  mill-dam  shows  about  15 
feet  of  even  layers.  Above  these  are  the  layers  represented  in  the 
railroad  cut  near  that  place.  These  are  light-colored,  dolomitic, 
vesicular,  abounding  in  patches  of  calcite  with  some  chert,  and 
siliceous  concretions,  the  latter  sometimes  covered  with  limonite 
pseudomorphous  after  pyrite.  The  annexed  profile  exhibits  the  cut 
and  the  materials  exposed. 

5 
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a.~Loe88  Loam,  8  Ibat,  r«d. 
ft.— Drift  GrayaU  4  faat,  rad. 

c.  Jordan  Sandttona,  16  faat,  rod. 

d.  St  Lawranca  Llmaatona,  30  faeU 


At  Whalen  the  St.  Lawrence  is  finely  exposed  in  the  bluff  that 
stands  in  the  valley  aboat  half  a  mile  below  the  village.  It  has 
here  been  considerably  quarried,  and  furnishes  a  very  good  stone 
for  buildings.  It  lies  in  even  layers,  which  are  easily  broken  into 
desirable  size  and  shape,  furnishing  a  good  cut-stone  of  close  grain, 
without  openings.  Of  the  155  feet  that  here  overlie  the  St.  Croix 
sandstone,  only  the  lower  portion  is  well  exposed.  The  exposed 
layers  are  separated  fh)m  those  seen  at  the  quarry  at  Clear  Grit  by 
an  interval  of  50  feet.  They  consist  of  the  following  parts,  aggre- 
gating 60  feet : 

1.  Slope,  hid  by  turf,  (St.  Lawrence) 95  feet. 

2.  Heavy  beds,  even  grained,  vesicular,  the  best  general  building 

stone. ••• 20  feet. 

8.    Bedding  conAised,  not  evident,  lenticular 15  feet. 

4.    Fine  grit,  regular  beds,  dolomltlc 20  feet 

6.    Hard  arenaceous,  projecting,  fosslUferoos  with  the  remains  of 

trllobltes 5  feet. 

At  Lanesboro  the  St.  Lawrence  has  been  used  in  the  construction 
of  the  principal  buildings.  The  quarries  are  owned  by  the  Lanes- 
boro Company.  The  stone  presents  the  usual  characters,  but  has 
associated  masses  of  pyrite,  largely  converted  to  limonite,  showing 
octahedral  forms  of  crystals,  with  combinations.  In  some  of  the 
cherty  nodules,  are  found  small  orthorhombic  crystals  of  hydrated 
iron  peroxide,  formed  by  the  conversion  of  marcasite  into  limonite. 
This  iron  ore  is  quite  plentiful,  but  seems  not  to  be  a  native  of  the 
rock.  It  embraces  crag  and  bog-ore  deposits,  and  is  referable  to 
the  drift  period.    (See  under  diifl.) 
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The  Jordan  Sandstone. 

This  sandstone,  lying  next  above  the  St.  Lawrence  limestone,  is 
not  so  frequently  seen  along  the  river  bla£b.  It  is  most  commonly 
embraced  in  that  interval  of  slope  that  comes  between  the  two  lines 
of  limestone  outcrop,  and  which  is  mostly  turfed  over,  as  in  the 
bluffs  at  Lanesboro,  and  at  points  between  Preston  and  Lanesboro. 
Further  down  the  river,  where  the  strike  of  the  Shakopee  runs  back 
from  the  river  a  few  miles  on  either  side  of  the  valley,  it  occupies 
the  undulating  surface  between  the  immediate  river  bluffs  and  the 
boundary  of  the  Shakopee,  as  at  Rushford.  This  sandstone,  in  the 
Minnesota  valley,  has  been  mistaken  for  the  Potsdam,  the  overlying 
Shakopee  being  supposed  to  be  the  lower  portion  of  the  lower  Mag- 
nesian.  {Owen's  Geological  Survey  of  TFiscoruin,  Jotoa,  and  itfm- 
neaota^  pp.  481-495.  See,  also,  Prof.  James  Hall's  '^  Notee  on  the 
Geology  of  some  portions  of  Minnesota^  from  St.  Paul  to  the  Western 
part  of  the  Stated'  1866.) 

In  Fillmore  county  the  thickness  of  the  Jordan  is  not  so  great  as 
it  is  in  the  Minnesota  valley.  It  seems  to  vary  from  25  feet  to  40 
feet.  At  Mankato,  in  Blue  Earth  county,  it  is  fiilly  fifty  feet  thick* 
It  is  uniformly  a  coarse  grained,  quartzose,  crumbling  and  light 
colored  sandstone.  It  is  sometimes  locally  stained  with  iron  from 
surface  water,  when  it  presents  a  reddish  or  rusty  color,  and  is  apt 
to  be  much  harder.  It  has  in  such  cases  a  shell  or  thin  coating  of 
harder  rock,  about  half  an 'inch  in  thickness,  on  the  weathered  sur- 
\  faces,  on  penetrating  which  the  grains  are  loosely  cemented,  and 
even  crumbling.  In  other  places,  it  presents  internally  a  streaked 
appearance,  due  to  the  stoppage  of  iron  filtering  through  its  strata. 
No  fossils  have  been  found  in  it. 

One  of  the  best  exposures  for  examining  this  sandstone  may  be 
seen  at  Preston,  where  it  rises  25  feet  above  the  level  of  the  river 
opposite  the  stone  mill,  and  is  surmounted  by  about  85  feet  of  the 
Shakopee  limestone.  The  bluff  itself  rises  about  95  feet  above  the 
river,  but  the  contents  of  the  upper  portion,  though  probably  of 
the  Shakopee,  are  not  certainly  known.  The  loam  covers  it.  The 
bedding  of  the  stone  here  is  regular,  though  in  some  places  a  little 
wavy,  and  is  of  all  thicknesses,  from  a  foot  to  three  or  four  inches. 

At  Lanesboro  the  Jordan  exhibits,  near  the  top,  a  finely  concre- 
tionary structure.  The  balls  vary  from  a  few  inches  to  nearly  a 
foot  in  diameter.  Some  of  them  are  elongated,  and  several  are 
frequently  united.  The  rock  itself  is  generably  friable,  and  crum- 
bles out,  leaving  the  concretionary  shapes  visible.    They  are  often 
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loosened,  and  roll  down  the  bloft.  They  lie  in  approximate  layers 
for  a  thickness  of  four  or  five  feet.  Some  of  them  are  pendant 
from  the  projecting  shelf,  and  stnd  the  whole  under  surface .  They 
are  generally  spherical,  but  when  they  are  lengthened  perpendicu- 
larly, they  show  the  original  lamination  that  ran  through  the  rock, 
in  the  form  of  rings  and  furrows.  The  accompanying  view,  en- 
graved from  a  photograph  by  Andrew  EUickson,  of  Lanesboro, 
gives  an  imperfect  representation  of  this  portion  of  the  bluff.  This 
view  was  taken  near  the  mill  dam,  above  the  railroad  cut. 
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At  Clear  Grit  the  Jordan  is  25  feet  thick,  and  is  exceedingly  fer^ 
ruginous.    At  Lanesboro  it  is  aboat  40  feet  thick. 


The  Shakopee  Limestone. 

This  is  the  appermost  member  of  the  Lower  Magnesian,  and  is  so 
named  from  the  village  of  Shakopee,  in  Scott  coanty,  on  the  Min- 
nesota river,  where  it  was  first  identified  as  a  distinct  and  entire 
member  of  the  great  Lower  Magnesian  Formation.    In  Fillmore 
county  it  is  more  frequently  seen  along  the  valley  of  Boot  river  and 
its  tributaries  than  any  other  formation.    As  it  lies  between  two 
sandstones,  each  of  which  easily  crumbles  away  under  the  operations 
of  the  elements,  it  is  made  to  have  a  prominent  position  in  giving 
form  to  valleys  and  river  bluffs. 
The  North  Branch  of  Boot  river  en- 
ters on  it  about  six  miles  northwest 
of  Chatfield,  in   Olmsted  county; 
the  Middle  Branch  near  the  town 
line  between  Chatfield  and  Jordan, 
and  the  South  Branch  but  a  short 
distance  below  Forestville.     South 
Boot  river  strikes  it  near  Henry,  in 
Amherst  township.   Thus,  through- 
out about  two-thirds  of  the  county, 
it  is  the  constant  companion  of  the 
traveler  along  the  river  valleys,  and 
it  meets  him  often  in  the  uplands, 
and  in  the  valleys  of  little  creeks.  ^ 
Its  effect  on  the  topography  is  to  ^ 
render  the  valleys  narrow,  rocky 
and  abrupt.    Within   the  general 
area  of  the  St.   Peter  sandstone 
and  the  Trenton  limestone,  it  pro- 
duces a  shoulder  in   the   descent 
from   the  uplands   to  the  valley. 
The  following  diagram,  taken   at 
Chatfield  on  the  northern  bounda- 
ry of  the  county,  illustrates  in  gen- 
eral the  effect  of  this  limestone  in 
producing  a  terrace  along  the  low- 
er slopes  of  the  river  bluffs,  with- 
in the  general  Trenton  area. 
The  descent  from  the    general 
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level  of  the  ooontry  at  Chatfleld  (No.  1)  to  the  river  (No.  7)  \b 
abont  22^  feet,  of  which  about  80  feet  are  of  the  Shakopee,  the  de- 
scent from  the  Shakopee  to  the  river  being  at  the  river.  The  broad 
terrace  on  which  Chatfield  stands  is  constituted  of  the  Shakopee 
overlain  by  irregular  thicknesses  of  the  St.  Peter,  with  some  drift  and 
loam.  The  lithology  of  the  Shakopee  is  very  much  the  same  in 
Fillmore  county  as  it  has  been  described  in  former  reports  at  Man- 
kato  and  Shakopee,  in  the  Minnesota  Valley.  It  is  very  similar  to 
the  St.  Lawrence,  with  much  less  of  green  sand.    It  contains  at 

Chatfield  considerable  disseminated 
sand,  and  nodules  of  calcite.  The 
calcite  is  sometimes  purely  trans- 
parent, so  as  to  exhibit  the  double 
refraction  of  Iceland  spar,  parting 
into  large  rhombohedrons,  but  the 
most  of  it  is  opaque.  It  is  some- 
times interspersed  with  sand  grains 
taken  up  in  the  process  of  crystal- 
lization. These  are  so  abundant 
as  to  make,  of  some  crystalline 
masses,  a  sandstone  which  is  then 
nodular  and  hard,  with  warty  pro- 
jections. 

At  Parsley's  Ford,  centre  of  sec- 
tion 15,  Chatfield,  a  bridge  is  being 
built  over  the  river,  the  abutments 
iffm    o  being  of  the  Shakopee  stone  taken 

S  Jt^  1  ^^^  °®*^'  ^^®  ^^^^^  ^^   ^^'  Doyle's 

^  .*fffl  finT  *  land.    At  the  ford  the  river  is  on 

the  Jordan  sandstone.    There  has 

been  considerable  stone  cut  off  the 

blufb,  in  the  Shakopee,  for  use  in 

the  railroad  bridge  near  the  same 

place,  and  laid  up  in  heavy  blocks ; 

but  much  of  the  Shakopee  is  in  ir- 

SoSi  regular  and  thin   layers,  unfit  for 

^wco-*  guch  use. 

g  At  almost  any  point  east  of  Chat- 

S  field  and  Carimona,  the  Shakopee 
can  be  seen  by  one  crossing  the 
valley  of  Root  river,  exhibiting  its 
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peculiar  tendency  to  narrow  the  valley,  and  forming  a  conspicnoos 
benoli  or  shoulder.  The  following  diagram  of  a  general  profile  sec- 
tion of  the  valley,  illnstrates  its  form  at  points  between  Preston  and 
Lanesboro ;  also  between  Chatfleld  and  Lanesboro,  along  the  North 
Branch.    At  Preston  the  rocks  show  a  dip  to  the  sooth. 

At  Isinoars'  Station  the  battlements  of  rock  that  enclose  the 
valley,  rising  about  80  feet  above  the  water,  are  of  the  Shakopee. 
There  is  an  undulating  ascent  thence  over  the  St.  Peter  to  near  the 
Trenton  terrace,  which  rises  nearly  perpendicular  about  50  feet. 
Beyond  this  is  a  flat,  running  sometimes  but  8  or  10  rods,  but  not 
infrequently  a  quarter  of  a  mile,  when  a  fhrther  gradual  ascent 
begins,  covering  the  Green  Shales  and  the  Upper  Trenton.  This 
last  ascent,  with  the  loam  that  here  covers  the  country,  generally 
makes  about  1 75  feet. 

At  Carimona,  the  Shakopee  is  visible  in  the  banks  of  the  river, 
rising  25  or  80  feet.    Its  average  thickness  is  about  75  feet. 

Tke  St.  Peter  Sandstone. 

The  thickness  of  this  well*^known  formation  in  Fillmore  county 
does  not  vary  much  from  its  reported  thickness  in  the  central 
portion  of  the  state.  It  has  been  taken  at  125  feet.  At  Chatfleld, 
it  measures,  by  aneroid,  122  feet.  In  lithological  characters  it  is 
also  the  same,  consisting  of  clean  white  sand  that  easily  crumbles. 
Near  Fountain,  an  exposed  section  near  the  top  of  the  formatio6, 
afforded  fragments  of  an  unknown  species  of  Lingulepia^  the  flrst 
and  only  fossil  of  any  kind  that  has  ever  been  found  in  this  rock. 
The  following  section  was  taken  at  this  place.  It  includes  the  over- 
lying lower  Trenton,  and  the  green  shales,  as  seen  at  the  quarry  of 
Mr.  Joseph  Taylor,  section  18,  Fountain. 

Section  Near  Fountain — Quarry  of  Joseph  Taylor. 

No.  1.  Green  shale,  mixed  with  flragments  of  limestone  that  are 

eminently  fossiliferoas seen  8  feet. 

No.  2.  Limestone,  of  a  blaish-gray  color,  in  beds  flrom  foar  to  six 
inches  thick,  tree  from  shale,  though  the  layers  are 
sometimes  thinly  separated  by  shaly  partings 10  feet. 

No.  8.  Arenaceoas  and  fermginoas  shale,  alternating:  horizontal- 
ly with  firmly  cemented  patches  of  sandstone S  feet. 

No.  4.  Massive,  coarse  sand ;  white,  except  where  iron  stained, 
eontainlng  irony  quartzite  pebbles,  and  Aragile  remains 
of  bivalves •    6  feel. 
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No.  5.  Green  shale,  with  some  arenaceous  and  calcareons  lami- 
nations   •, 8  f^et. 

No.  6.  Cemented   sandstone,  the  cement  being  shale  and  lime, 

forming  when  the  blnff  is  weathered,  the  floor  of  a  bench   1  foot. 

No.  7.  White  sand,  in  beds  that  are  abont  one  foot  thick,  and 

horizontal - 6  feet. 

No.  8.  A  course  In  the  sandstone  more  firmly  cemented,  forming 

another  table,  but  less  persistent  than  No.  6 1  foot. 

No.  8.  Massive  sandstone,  in  some  places  showing  an  oblique 

lamination seen  6  feet. 

The  Sonthem  Minnesota  railFoad  here  enters  on  its  descent  to  the 
Boot  river  valley. 

The  species  of  Lingulepis  mentioned  is  foand  in  No.  4  of  the  fore- 
going section.  The  remains  are  exceedingly  fragile,  and  as  the 
grains  of  sand  in  which  they  are  embraced  are  feebly  cemented  to- 
gether, it  is  nearly  impossible  to  transport,  or  even  to  handle  them 
without  their  falling  to  pieces.  These  fragments,  for  no  entire  spec- 
imens were  obtained,  are  arranged  promiscuously  in  the  coarse  sand, 
and  are  all  confined  within  three  feet  of  the  top  of  No.  4.  They 
seem  to  have  sufTered  the  attrition  and  friction  incident  to  coarse 
sedimentary  transportation.  They  dispel  the  idea,  which  has  been 
suggested,  of  the  possible  chemical  origin  of  the  St.  Peter  sand- 
stone, as  an  oceanic  precipitate. 

Fie.  6. 
a  B  e 


LingaleplB  Morsensls.   (N.  ap.)   Nttnral  slxe. 

Description. — Shell  conical  or  elongate-conical,  with  anterior  an- 
gles rounded ;  depressed  ;  the  apical  angle  not  seen  perfect ;  the 
front  margin  gently  convex ;  sides  nearly  straight,  but  converging 
at  an  angle  of  about  26  degrees ;  greatest  width  is  near  the  firont 
and  at  a  distance  from  the  anterior  margin  of  one-third  the  greatest 
width.  '  The  surface  is  smooth  and  shining,  marked  with  very  fine 
concentric  striae,  visible  especially  in  the  anterior  portion,  and  with 
more  distant,  dim  undulations  of  growth.  Entire  length  of  the 
larger  specimen  seen  (Fig.  o.)  about  .85  inch ;  width  .52  inch ;  length 
of  the  smaller  (Fig.  b.)  .78  inch,  width  .45  inch.  Color  of  the  shell 
6 


42  GEOLOOIOAL  AND  NATUBAL  HI8TOBT 

• 

light  brown,  with  spots  of  brown.  The  smaller  specimen  has  flat- 
tened, or  slightly  concave  margins,  for  nearly  two-thirds  the  length 
from  the  apex.  This  species  in  general  contour  resembles  lAngtdepis 
Briaeis,  of  Billings,  (Palseozoic  Fossils,  Vol.  1,  p.  48,)  bat  diflfers 
f^om  it  in  not  having  its  sides  parallel. 

Locality  and  Formation — ^Near  Fountain,  Fillmore  county.  Upper 
portion  of  the  St.  Peter  sandstone.  Named  in  honor  of  Prof.  E.  S. 
Morse. 

The  remarks  that  have  already  been  made  on  the  topography  of 
the  county,  and  the  diagrams  that  have  been  given,  will  sufficiently 
elucidate  the  nature  of  the  St.  Peter,  and  its  important  part  in  the 
causes  that  have  diversified  the  surface  of  Fillmore  county. 

The  Trenton  Limestone, 

This  formation  is  the  most  important  one  of  the  county,  both  on 
account  of  the  great  superficial  area  it  embraces,  and  because  it  ap- 
pears in  numerous  places  under  the  most  favorable  circumstances 
for  working  for  quicklime  and  for  building  stone.  It  is  likewise  the 
most  conspicuous  of  all  the  formations,  especially  along  the  line  of 
its  strike,  where  it  gives  way,  and  the  surface  falls  rather  suddenly 
on  to  the  lower  level  of  the  St.  Peter  sandstone. 

The  term  Trenton  limestone  is  here  made  to  cover  a  thickness  of 
rock  of  about  160  feet,  and  to  embrace,  within  the  limits  of  Fillmore 
county  at  least,  three  distinct  members,  of  which  the  uppermost  is 
the  principal  portion. 

Upper  Trenton  limestone ISSIbet. 

Green  shale 15  fleet. 

LowerTrenton  limestone Mfeet. 

The  transition  from  the  St.  Peter  sandstone  to  the  lower  Trenton 
is  quite  abrupt.  There  is  no  commingling  of  qualities  fh>m  the 
Trenton  downward  into  the  St.  Peter,  although  a  shaly  layer  of 
about  two  feet  separates  them.  The  limestone  always  projects 
boldly  beyond  the  sandstone,  and  the  sandstone  becomes  immedi- 
ately white  and  friable,  with  a  very  slight  calcareous  cement.  The 
lower  Trenton  plays  the  most  important  part  in  producing  the 
marked  topographical  characters  of  the  central  portions  of  Fillmore 
county,  since,  by  its  superposition  over  the  crumbling  St.  Peter, 
it  constitutes  the  edge  of  the  shoulder  or  terrace  that  marks  their 
line  of  superposition,  and  not  un frequently  spreads  out  on  the  top 
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of  an  isolated  table  or  monnd,  thinly  overlain  by  the  lower  layers  of 
the  green  shale.  Under  the  head  of  Surface  Features,  this  point 
has  been  mentioned  already,  and  the  reader  is  referred  to  that 
section. 

In  Fillmore  county,  the  lower  Trenton,  known  sometimes  as  the 
**  Bofflimestone,"  which  corresponds  in  horizontality  with  the  lime- 
stone quarried  at  St.  Paul  and  Minneapolis,  is  much  less  aflTected  by 
disseminated  shale  than  in  those  cities,  and  hence  makes  a  much 
more  desirable  building  stone.  The  color  is  light  blue,  and  in  qufir- 
rjring  the  layers  rarely  exceed  five  inches  in  thickness.  On  weath- 
ered bluffs,  ihe  bedding  appears  even  thinner  than  that,  being  ap- 
parently not  more  than  two  inches.  When  these  layers  are  opened 
and  considerably  quarried  they  combine,  and  produce  layers  that 
are  from  four  to  six  inches  in  thickness.  They  are  generally  tough 
and  hard,  though  when  broken  they  often  fracture  conchoidally,  and 
in  unexpected  directions.  The  fossils  they  hold  are  undergoing 
carefal  examination.  The  most  striking  are  species  of  Orthoceras^ 
often  regarded  by  the  quarrymen  as  the  remains  of  huge  snakes, 
though  really  oceanic  shell-flshes,  and  a  beautiAil  species  of  Lingu" 
lepia. 

The  interval  covered  by  the  green  shale  (15  feet)  is  not  often  seen 
well  exposed.  The  uppermost  layers  have  not  been  seen  at  all  in 
Fillmore  county,  but  the  lower  layers  are  visible  in  many  places 
where  the  lower  Trenton  is  quarried.  When  wet  constantly  this 
shale  becomes  a  plastic  clay.  Along  the  brow  of  the  Trenton  ter- 
race it  colors  the  earth  in  nearly  all  roadways  that  cross  it,  and 
produces,  by  shedding  the  surface  water,  very  muddy  spots,  in  which 
teams  are  sometimes  mired.  One  remarkable  spot  of  this  kind  is 
near  the  top  of  the  bluff  a  mile  and  a  half  west  from  Chatfield,  8.  W. 
\  sec.  1,  Jordan.  This  shale  always  lies  in  thin  layers,  and  some- 
times embraces  continuous  beds  of  blue  limestone  which  are  exceed- 
ingly fossiliferous.  It  also  sometimes  holds  fragments  of  limestone, 
of  the  same  kind,  in  the  form  of  slabs.  A  great  many  fragments 
of  Chaetetes  Zycoperdon  accompany  this  shale  and  roll  down  the 
face  of  the  weathered  slope,  besides  crinoidal  fragments  and  species 
of   OrthU,  Leptaena  and  Strophomena. 

The  Upper  Trenton,  sometimes  known  as  the  Blue  limestone  in 
the  northwest,  which  is  about  125  feet  thick,  consists  of  a  bluish 
or  grayish,  evenly  bedded  limerock,  varying  from  fine-grained  and 
oompact,  in  layers  of  a  few  inches,  to  more  vesicular,  sooaetimes 
arenaceous,  and  in  beds  of  one  to  two  feet.  It  contains  but  little 
•bale  in  Fillmore  cottnty-^and  that  is  near  the  base  and  near  the 
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top.  This  rock  forms  a  great  many  precipitous  blnfb.  It  appears 
in  the  form  of  mural  faces  along  a  great  many  creeks  and  canons  in 
the  central  portion  of  the  county.  It  generally  rises  nearly  perpen- 
dicularly from  the  top  of  a  short  talus  to  the  summit,  exhibiting  a 
continuous  section  of  the  bedding.  Its  area  is  pre-eminently  the 
region  of  sink  holes.  The  canons  that  are  so  frequent  in  it  run 
out  in  ascending  the  valleys,  and  disappear  in  a  succession  of  sink 
holes  which  become  smaller  and  smaller,  and  more  and  more  dis- 
tant, till  the  general  praire  level  is  reached.  While  in  general  the 
lilh^logical  characters  of  this  part  of  the  Trenton  are  quite  uniform, 
near  the  top  the  layers  begin  to  alternate  with  layers  that  exhibit 
the  characteristic  lithologj'  of  the  Galena,  and  are  accompanied  with 
some  thin  layers  of  green  shale.  It  seems  to  pass  gradually  into 
the  Galena,  or  rather  to  assume  the  features  that  have  been  ascribed 
to  that  formation. 

The  following  views  represent  the  manner  of  weathering  of  the 
Upper  Trenton.  At  Weisbeck's  Dam,  on  Deer  Creek,  S.  E.  ^  sec. 
11,  Spring  Valley,  the  face  of  the  bluff,  which  rises  perpendicularly 
about  a  hundred  feet,  is  wrought  into  a  series  of  majestic  pilasters 
running  firom  the  bottom  to  the  top  of  the  escarpment.  The  view 
here  give^  is  from  a  photograph  by  D.  D.  Burnham,  of  Spring 
Valley,  engraved  by  the  Photo.  Engraving  Company,  62  CourtlancU 
Street,  New  York. 
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The  weathering  and  erosion  of  the  Upper  Trenton  hare  left  nuiny 
aoenes  of  pictureaqae  beanty  in  the  county,  some  of  which  hare 
been  photographed  by  Blr.  Burnham.  The  following  are  some  of 
the  most  noteworthy.  Figure  8  shows  the  Eagle  Bocks  sitoated  in 
the  valley  of  the  Soath  Branch  of  Boot  River,  on  section  27,  For- 
estviUe.  They  stand  isoUted  in  the  valley,  but  do  not  rise  higher 
than  the  common  rocky  walls  of  the  valley. 


Eifla  Boekt— Trn 
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Figure  9,  Chimney  Book,  la  a  view  on  tlie  side  of  the  blnfT  of  ft 
ravine,  tributary  to  ttie  sontli  branch  of  Boot  Biver,  on  section  27, 
ForeslviDe.  A  crevice,  originally  due  probably  to  a  plane  of  Joint- 
age,  enters  the  rock  at  a  small  angle  with  the  face  of  the  blnff,  and 
has  been  widened  by  troat  and  water  till  it  will  admit  a  man.  The 
detached,  wedge-shaped  maAs,  has  been  broken  through  near  the 
foot  of  the  blnff,  and  by  the  falling  ont  of  repeated  fragments  an 
opening  having  a  fancied  resemblance  to  an  oven  with  a  low  chim- 
ney, has  resulted. 

Pis.  a 


rblntiity  Rock— Tr*i 
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The  following  details  conoeming  the  Trenton  limestone  will  far- 
ther elucidate  this  formation  as  it  appears  at  various  places  in  the 
ooanty. 

Southeast  quarter  section  28,  Spring  Valley,  quarry  of  John 
Kleckler.  The  rock  here  is  a  gray  limestone,  with  interlaminations 
of  shale.  This  is  very  different  firom  the  Galena,  as  seen  at  Spring 
Valley  village.  It  is  compact,  and,  with  the  exception  of  the  thin 
laminae  of  shale,  consists  entirely  of  limestone.  Exposed  about 
10  feet. 

Southeast  quarter  section  23,  Spring  Valley,  Joseph  Lester  has  a 
quarry  in  the  valley  of  the  Middle  Branch,  very  similar  to  Kleck- 
ler's.  That  of  Henry  Prosser  occurs  on  southeast  quarter  of  section 
fourteen. 

North  part  of  section  25,  Spring  Valley.  At  Mr.  H.  Perkins' 
saw-mill  th^  same  rock  is  visible,  and  has  been  wrought.  From  this 
point  the  banks  of  this  creek  become  continuously  rocky. 

G.  W.  Knight's  quarry  is  near  Fillmore,  section  10.  The  stone 
is  hard,  gray,  compact,  brittle  and  fossiliferous,  in  beds  of  all  thick- 
nesses, depending  on  the  weathering  and  exposure,  up  to  eight  or 
more  inches.     It  is  situated  along  the  ravine,  approaching  Fillmore. 

Geo.  Shepherd's  quarry  is  also  near  Fillmore,  on  northeast  quar- 
ter of  section  9,  and  seems  to  consist  mostly  of  isolated  even  layers 
in  the  shale  that  so  frequently  accompanies  the  Trenton.  In  this 
shale  are  Chaetetes^  Rhynchonellaj  and  Strophomena.  The  stone  is. 
not  of  much  account,  owing  to  its  being  encumbered  so  heavily  with 
the  shale,  but  is  very  desirable  for  the  uniformity  of  its  thickness. 
S.  C.  Fettit  has  a  quarry  of  the  same  kind  on  northeast  quarter  of 
section  10. 

At  Chatfield,  the  lower  Trenton  appears  in  the  highest  bluffs  on 
the  north  side  of  the  village.  It  is  made-up  very  largely  of  shale, 
but  affords  also  some  even  layers,  that  are  wrought.  These  have 
the  same  stratigraphical  horizon  as  the  stone  at  Minneapolis  and  St. 
Paul,  but  do  not  contain  so  much  argillaceous  matter.  They  are 
much  firmer  and  more  compact,  though  not  so  thick  in  the  aggre- 
gate. Below  these  layers  the  St.  Peter  sandstone  is  seen.  The 
Trenton  at  this  point  has  a  gentle  dip  northeast,  while  the  Shako- 
pee  at  the  mill  by  the  river  dips  northwest.  The  brachiopod  Lep- 
tftena  deUoideaj  so  common  at  the  Falls  of  St.  Anthony,  is  here 
seen  in  great  numbers,  and  an  occasional  specimen  of  LingtUepiB 
quadraia.  The  section  at  the  quarry  of  Dennis  Jacob  is  made  up 
of  seven  feet  of  limestone  and  shale,  crumbling  away,  underlain  by 
about  eight  feet  of  limestone. 
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Extensiye  working  and  burning  of  the  apper  Trenton  into  quick- 
lime is  carried  on  along  Bear  and  Deer  creeks,  the  banks  of  which 
are  continuously  rocky,  rising  perpendicularly  from  one  to  two  hnn* 
dred  feet  from  the  water,  in  Sumner  and  Spring  Valley  townships. 
These  quarries  are  described  under  the  head  of  Econ<ym,ical  Geology. 

Sometimes  the  Trenton  shows,  on  freshly  opened  quarries,  along 
the  bluffs,  almost  a  white  color.  This  is  particularly  the  case  on 
north  half  of  section  85,  Sumner,  where  an  opening  in  a  long-weath- 
ered '^  hog's  back"  reveals  a  very  light-colored  limestone,  in  beds 
of  about  three  inches,  of  a  fine  strain  and  compact  texture ;  not 
much  crystalline,  and  evidently  impure  with  argillaceous  and  sili- 
ceous qualities. 

The  quarry  of  Mr.  Joseph  Taylor,  section  13,  Fountain,  has  been 
mentioned  already  under  the  head  of  the  St.  Peter  sandstone,  and 
the  exposed  section  given.  At  this  quarry  very  large  oephalopods 
have  been  taken  out,  and  some  fragments  of  galena  have  been  en- 
countered, though  the  opening  is  in  the  lower  Trenton. 

The  quarry  of  Mr.  Enoch  Winslow  is  on  the  same  horizon  as  Mr. 
Taylor's.  It  is  situated  on  the  bank  of  Sugar  Creek,  S.  W.  i  sec. 
4,  Fountain.  Another  on  the  same  horizon  is  that  of  John  Johnson, 
2  miles  south  of  Fountain.  The  Trenton  is  also  wrought  at  Forest- 
ville  and  near  Carmiona,  presenting  no  exceptional  features.  At 
Forestville  it  contains  ReceptcumlUes  and  Strophomena^  and  exposes 
a  thickness  of  about  140  feet. 

The  Upper  Trenton  appears  S.  £.  ^  sec.  6,  Forestville,  along  a 
little  ravine,  and  is  slightly  opened  by  John  Hipes.  It  also  appears 
at  other  points  between  there  and  Spring  Valley. 

At  Baldwins'  Dam,  sec.  21,  Forestville,  130  feet  of  the  Trenton 
are  seen.    No  G-alena  visible,  and  no  Green  Shale. 

S.  £.  1  sec.  30,  Forestville.  In  some  fragments  thrown  out  in 
the  digging  of  a  well,  can  be  seen  a  fine  grained  rock,  resembling 
the  fine  shale  seen  in  the  race  at  De  For's  mill,  which  crumbles  to 
pieces  in  the  weather.  It  here  lies  below  some  heavy  Galena  beds, 
seen  in  the  hills  enclosing  the  valley,  and  contains  doubtfully  spe- 
cies of  Oraptolitea^  OrthiSy  and  Orthonota. 

At  Granger,  the  Trenton  only  occupies  the  bluffs ;  but  at  two 
miles  west  of  Granger,  where  the  river  enters  the  state  for  a  short 
distance,  the  bluffs  are  high,  and  are  made  up  of  the  Trenton,  with 
a  topping  of  fifteen  or  twenty  feet  of  Galena. 

Northwest  quarter  of  section  36,  Bristol.  Hiram  Andrews  has  a 
quarry  in  the  Trenton,  which  alone  occupies,  at  this  place,  the  river 
banks,  though  the  beds  of  the  quarry  are  apparently  in  the  upper 
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portion  of  the  formation.  The  layers  are  thicker  than  usual,  some- 
what vesicular,  and  present  some  of  the  aspects  of  the  Galena.  The 
rock  shows  a  slight  dip  to  the  south.  Mr.  Andrews  has  built  a  stone 
bam  and  stable. 

The  Oalena  Limestone. 

The  only  separating  horizon  between  the  Trenton  and  Galena 
limestones  is  a  lithological  change  in  the  rock.  There  is  no  uncon- 
formability  between  the  layers  of  the  formations,  and  there  is  no 
known  difference  of  fossil  contents.  Near  the  upper  portion  of  the 
Trenton  occasional  layers  appear  that  are  much  more  porous,  and 
have  a  light  buff  color.  They  are  also  much  heavier  than  the  layers 
of  the  Trenton,  reaching,  after  the  change  is  fully  established,  a 
thickness  of  four  or  five  feet.  Mingled  with  these  heavy  magnesian 
la3^ers  are  thinner  layers  of  green  shale.  When  these  heavy  mag- 
nesian beds  are  near  the  top  of  a  bluff,  they  give  it  a  roughness, 
but  at  the  same  time  a  persistence  of  outline  which  the  thinner  beds 
of  the  Trenton  alone  do  not  possess.  This  rock  is  generally  sharp- 
ly crystalline.  It  contains  numerous  cavities  of  irregular  shape, 
some  due  to  the  weathering  out  of  carious  material,  and  some  to  the 
absorption  of  fossils  It  holds  considerable  masses  of  calcite,  and 
sometimes  lumps  of  galena,  from  which  it  has  derived  its  name.  Al- 
though the  Galena  limestone,  near  Dubuque,  in  Iowa,  is  stated  by 
Prof.  J.  D.  Whitney  to  be  about  250  feet,  (Geology  of  Wisconsin, 
vol.  I,  172,)  it  enters  Minnesota  with  a  thickness  much  less 
than  that.  From  all  that  can  be  seen  of  it  in  Fillmore  county,  it 
appears  to'be  less  than  100  feet  thick.  The  Trenton,  on  the  other 
hand,  is  given,  by  the  same  authority,  at  70  feet  average  thickness, 
at  Dubuque,  while  it  has  a  thickness  of  160  feet  in  Fillmore  county. 

The  characters  that  distinguish  the  Galena  are  not  constant.    In 

Fillmore  county  the   "  lead  fossil,"  Eeceptaculitesy   pervades    the 

Trenton  as  low  as  the  green  shale,  at  least — although  regarded  as 

characteristic  of  the  Galena ;  and  the  LingtUa  qiiodrataj  also  said  by 

Prof.  Whitney  to  not  appear  in  the  lead  region,  in  the  '*  blue"  nor 

the  **  buff,''  is  found  throughout  both.     A  very  fine  specimen  was 

obtained,  of  the  latter,  at  Mr.  Taylor's  quarry,  near  Fountain,  from 

the  lower  Trenton,  (**  buff  limestone"  of  Prof.  Whitney,)  and  another 

ftrom  Chatfield,  from  the  same  horizon.    Lithologically  also  the  two 

formations  appear  to  merge  into  one  another.    The  compact,  hard 

blue  limestone,  characteristic  of  the  Trenton,  gives  place  near  the 

top  of  that  formation,,  to  a  lighter  colored,  slightly  vesicular,  even 

grained,  more  heavily  bedded  rock,  that  is  very  useful  for  an  orna- 
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mental  cut-stone.  This  is  seen  in  some  of  the  quarries  a  mile  or 
two  east  of  Spring  Valley,  where  it  is  difficult  to  assign  the  beds  ei- 
ther to  the  Galena  or  to  the  Trenton.  A  short  distance  further  east 
the  well  characterized  Trenton  appears,  while  at  the  village  of 
Spring  Valley,  unmistakable  Galena  features  pervade  the  rock  ex- 
posed, to  the  depth  of  ten  or  twenty  feet.  The  lead  ore,  moreover, 
which  has  given  name  to  the  Galena,  is  not  confined  to  that  forma- 
tion. It  is  found  to  some  extent  both  in  the  Galena  and  the  Tren- 
ton, though  in  neither  to  that  extent  that  will  warrant  sanguine 
expectations. 

The  Galena,  where  not  hid  by  the  Cretaceous  in  the  northwestern 
part  of  the  county,  is  within  the  drift  area.  Hence  it  has  not  been 
so  fully  observed  as  is  desirable.  The  line  separating  its  superficial 
area  from  that  of  the  Trenton  is  defined  with  tolerable  accuracy  on 
the  map  accompanying  this  report,  but  the  line  of  its  western  bound- 
ary is  very  uncertain. 

The  principal  exposures  of  the  Galena  in  the  county  are  on  Bear 
and  Deer  creeks,  and  at  Spring  Valley  on  the  Middle  Branch  of 
Root  river.  At  the  latter  place  quarries  are  worked  to  a  greater  or 
less  extent  by  Mr.  Willard  Allen,  Thomas  Thayer,  Emylas  Parsons, 
and  Nelson  Smith.  These  openings  are  on  the  south  side  of  the 
valley  and  are  all  in  about  the  same  kind  of  stone.  Some  of  them 
fiirnish,  as  yet,  only  rough  large  pieces,  water  worn  and  rusty,  dis- 
lodged from  their  original  places.  The  rock  has  undergone  long 
weathering  and  erosion  at  Spring  Valley,  and  is  disintegrated  and 
changed  to  a  considerable  depth.  Along  the  road  near  the  public 
school,  a  small  cut  in  the  shattered  crumbling  layers  has  exposed  a 
great  number  of  detached  casts  of  a  brachiopod  resembling  that  of 
Atrypa  reticularis.  These  were  regarded  with  great  curiosity  by 
many  as  '*  little  turtles  "  petrified.  At  J.  Shumaker's  quarry,  one 
mile  east  of  the  village,  about  eight  feet  of  the  bedding  are  exposed. 
The  layers  here  are  of  a  finer  and  more  uniform  texture,  and  are 
associated  with  shale.  When  cut  for  building  they  are  much  whiter 
than  the  stone  obtained  ai  Mr.  Allen's  at  Spring  Valley.  In  con- 
siderable quantities  of  Galena  are  obtained  at  Spring  Valley.  No 
systematic  exploration,  however,  has  been  undertaken,  the  pieces 
found  being  at  or  near  the  surface.  It  has  been  found  at  a  number 
of  other  points  in  the  county,  sometimes  well  within  the  Trenton 
area. 

N..  W.  }  sec.  16,  Jordan.  In  ascending  the  south  bluff  of  Lost 
creek,  large  loose  pieces  of  Galena  limestone  are  seen  in  the  road, 
but  the  Trenton  is  in  outcrop  at  the  creek.    Similar  pieces  appear 
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on  aec.  81,  Jordan.    These  are  on  the  most  eastern  limits  of  the 
Galena  area,  and  belong  to  the  lowest  layers  of  the  formation. 

There  is  a  weathered  exposure  of  the  Galena  on  land  owned  by 
Mr. Harris,  northwest  quarter  section  26,  Samner.  This  oat- 
crop  fairly  presents  the  typical  lithological  features  that  charac- 
terize the  formation.  By  the  Galena  characters  are  meant  a  yel- 
lowish, or  buff,  limestone,  vesicular,  crystalline,  in  heavy  layers, 
even  on  weathered  bluffs,  having  usually  a  very  rough  exterior,  in 
consequence  of  atmospheric  destruction  of  the  looser  portions. 
When  these  looser  portions  are  removed,  the  surface,  of  the  rock 
presents  a  pitted  aspect,  being  covered  with  thimble  holes,  and  de- 
pressions of  all  shapes,  with  angular  knobs  and  excrescences  sep- 
arating them,  the  whole  overgrown  with  lichens.  The  exposure 
here  shows  perpendicularly  about  twelve  feet,  in  layers  fh>m  one  to 
four  feet  thick,  piled  up  on  either  side  of  the  road  in  detached 
mounds,  like  bridge  abutments,  from  which  the  roadway  has  been 
removed.    The  "  lead  fossil,*'  EeceptaculUes^  appears  in  these  layers. 

At  the  crossing  of  the  South  Branch  of  Boot  River,  northeast 
quarter  section  21,  Bloomfield,  there  is  no  cut  in  the  rock  visible. 
The  river  is  but  about  twenty  feet  below  the  level  of  the  country, 
which  is  in  a  broad,  shallow  valley ;  but  in  the  road  are  a  few 
pieces  of  Galena,  showing  fossils  and  lithology  like  the  rock  at 
Spring  Valley,  though  the  layers  must  be  near  the  top  of  that 
formation.  The  country  here,  and  toward  the  southwest,  is  a  broad 
level  prairie,  gently  rising  toward  the  west. 

Northwest  quarter  section  26,  Bloomfield.  The  south  bank  of 
the  river,  near  the  west  side  of  the  section,  has  a  rock  bluff  ex- 
posed about  twenty  feet  above  the  river.  This  is  massive,  or  in 
heavy  layers,  and  is  doubtfully  assigned  to  the  Galena,  as  it  has 
some  of  the  features  of  the  Niagara.  It  is  firm,  but  porous ;  of  a 
buff  color  and  a  coarse  magnesian  grain,  with  superficial  cavities, 
due  to  the  weathering  out  of  fossils.  It  is  on  the  land  of  Mrs. 
Annie  Postle.  The  crossing  of  the  survey  of  the  Winona,  Green 
Bay  and  Grenelle  railroad  is  at  the  head  of  the  bluff.  A  similarly 
doubtful  exposure,  slightly  quarried,  is  owned  by  Dora  Wright, 
near  the  center  of  section  14,  Bloomfield,  by  the  roadside.  Wm. 
B.  McVee  has  has  also  taken  out  the  same  stone  near  his  bam, 
northwest  quarter  section  14,  and  used  it  in  his  barn  foundation. 
It  here  holds  considerable  calcite. 

At  Etna  Mr.  S.  S.  Belding  hhs  a  quarry  in  the  Galena.  This  is 
a  soft,  porous  stone,i4n  heavy  beds,  which  once  held  fossils,  but 
which  have  been  lost  by  absorption,  leaving  the  rock  porous,  and 


58  OBOLOGIOAL  AND  NATUaAl4  H18TOBY 

finely  vesicular,  Mr.  Belding  states  that  this  limestone  has  a  hy- 
draalic  qaaiity,  bat  as  near  as  can  be  ascertained  it  makes  simply 
a  qaick-lime,  which  endares  well  nnder  repeated  wetting.  An  old 
foundation  at  De  For's  Mill  was  laid  with  it  nineteen  years  ago, 
and  stands  firm  yet,  though  submerged  by  every  freshet.  It  has 
not  yet  been  subjected  to  the  test  of  setting  under  tooler,  which  is 
the  essential  property  of  water  lime.  The  rock  here  seen  amounts 
to  eighteen  or  twenty  feet.  Other  quarries,  similar  to  Mr.  Beld- 
ing's,  are  owned  by  O.  M.  Postle,  northwest  quarter  section  86, 
Bloomfield,  ]i>y  Greo.  Hoy  and  Mr.  De  For,  northeast  quarter  section 
25,  and  by  H.  T.  Odell,  southeast  quarter  section  86. 

At  De  For's  Mill,  N.  £.  ^  sec.  25,  Bloomfield,  the  rook  exposed 
is  fine  and  even-grained,  belonging  probably  to  the  lower  portion  of 
the  Galena.  It  embraces  one  thin  layer  of  a  shaly  limestone  which 
has  turned  white.  It  makes  a  good  quick  lime.  It  is  in  heavy  beds 
of  about  eighteen  inches,  and  holds  a  coarse  coralline  form  seen 
also  at  the  quarry  of  Mrs.  Postle,  already  mentioned.  Below  these 
heavy  layers  is  a  bed  of  shale  whiph  was  exposed  in  the  digging  of 
the  mill-race,  having  a  thickness  of  five  and  a  half  feet.  Below 
that  thickness  the  shale  becomes  arenaceous,  and  in  the  weather 
crumbles  to  pieces.  Among  the  crumbled  fragments  are  indistinct 
remains  of  the  buckler  of  a  small  trilobite. 

At  Foreston,  one  mile  south  of  the  state  line,  the  Galena  appears 
in  the  lower  river  bluffs,  and  is  in  very  rough  and  heavy  beds.  It 
presents  numberless  cavities  of  all  shapes,  as  large  as  a  thimble, 
and  larger,  and  often  iron-stained.  It  here  has  a  noticeable  dip  to 
the  south.  Vf  hile  it  is  fossiiiferous  it  is  so  coarsely  and  so  completely 
crystalline  that  the  fossils  are  either  entirely  absorbed  or  remain  as  in- 
distinct impressions  or  imperfect  casts.  It  contains  white  oalcite  in 
some  large  masses.  The  river  itself  at  Foreston  is  probably  on  the 
Trenton,  the  water-power  there  improved  being  due  to  a  change 
from  the  firm  Galena  layers  to  a  softer  shale,  indicating  the  upper 
portion  of  the  Trenton.  On  the  state  line,  due  north  fh)m  Foreston, 
a  limestone  appears  in  the  road,  of  a  coarsely  crystalline  grain,  with 
calcite  and  cavities,  entirely  like  the  Galena.  It  is  observable  in 
a  number  of  the  bill  tops,  and  extends  half  a  mile  at  least,  north  of 
the  state  line.  At  a  point  about  a  mile  north  of  the  state  line, 
north  from  Foreston,  and  a  fourth  of  a  mile  east  (N.  £.  ^  see*  85, 
York)  the  upper  Trenton  appears  on  the  N.  E.  side  of  a  ravine, 
while  the  Galena  appears  on  the  S.  W.  side,  the  road  running  be- 
tween the  two.  The  rock  has  a  perceptible  dip  toward  the  south. 
The  Galena  occupies  the  high  river-bluffs  from  that  point  nearly  to 
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Granger,  on  the  north  side  of  the  river,  when  it  passes  to  the  soath 
and  the  Trenton  takes  its  place,  both  haying  a  dip  toward  the  soath. 
At  a  point  two  miles  west  of  Granger  the  Galena  is  15  or  20  feet 
thick  in  .the  top  of  the  river  blaflk,  the  Trenton  underlying.  These 
thick  beds  give  a  sqnareness  and  prominence  to  the  tops  of  the 
bluffs,  presenting  a  perpendicular  rook-wall  toward  ;  the  river . 
Large  masses  of  this  rock  fall  fkt)m  the  blaffb  and  weather  into  the 
usual  rough  forms.  Though  this  exposure  embraces  rock  that  is  a 
little  softer  than  the  Galena  at  Foreston,  yet  in  color,  crystallization 
and  all  general  characters  it  is  the  same. 

The  Maquoketa  Shales. 

This  is  the  name  given  to  the  Cineinnati  Chroup  of  shales  and 
limestones,  as  they  appear  in  Iowa,  by  Dr.  C.  M.  White,  of  the  Iowa 
survey  of  1870.  Without  questioning  the  correctness  of  his  conclu- 
sion that  where  these  shales  appear  in  Iowa  they  embrace  a  distinct 
portion,  only,  of  that  series  known  as  the  Cincinnati  Group,  his  des- 
ignation is  provisionally  adopted  in  our  nomenclature.  While  it  is 
certain  that  this  formation  enters  the  State  from  Iowa,  being  seen 
two  miles  south  of  the  state  line,  at  Lime  Springs,  it  is  still  true, 
that  not  a  single  observation  has  yet  been  made  on  it  within  the 
limits  of  the  State  of  Minnesota.  Being  made  up  of  soft  materials 
its  outcrops  are  to  be  sought  in  the  low  levels,  along  the  bottoms  of 
ravines.  As  its  area  in  Fillmore  county  is  covered  by  the  northern 
drift,  it  will  probably  be  a  long  time  before  any  well  authenticated 
localities  of  its  existence  are  known. 

The  Niagara  Limestone. 

This  formation  has  been  identified  in  Fillmore  county,  at  bat  one 
point.  It  is  much  more  enduring  than  the  shales  underlying  it,  but 
it  enters  on  a  drift-covered  area,  with  small  valleys  of  drainage  on- 
ly, some  distance  south  of  the  state  line.  The  nearest  important 
point  of  its  known  outcrop  is  at  Lime  Springs,  in  Iowa.  It  differs 
from  the  Galena  limestone  in  being  much  lighter  colored,  especially 
when  broken  or  powdered.  It  is  strongly  crystalline,  and  often  po- 
rous, but  it  is  also,  in  some  parts,  a  very  firm  and  enduring  lime- 
stone. It  also  has  a  very  different  and  much  more  abundant  fossil 
fauna.  It  is  separated  from  the  Maquoketa  shales,  at  Lime  Springs, 
by  a  limestone  breccia  of  about  18  inches.  Its  color,  in  its  heavier 
and  close-textured  portions,  is  somewhat  grayish,  or  leaden,  and  it 
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is  interbedded  with  hard  shale,  which  ttirns  nearly  white  on  expos- 
ure. This  shale,  in  broken  pieces,  makes  ap  the  larger  part  of  the 
breccia  mentioned,  and  falls  down  the  bluff  in  that  condition,  where 
it  is  lost  in  the  weather,  the  framework  of  the  cement  only  remain- 
ing, making  a  curious,  open  network  or  mesh,  the  partitions  and 
threads  enclosing  angular  apartments.  The  great  bed  of  shale, 
which  causes  the  water  power  here,  may  have  a  thickness  of  75  or  80 
feet  exposed,  at  the  quarry  of  Mr.  John  Smith,  though  near  the  mill 
it  is  reduced  to  ten  or  fifteen  feet.  Throughout  the  most  of  that  inter- 
val, a  heavy  debris  covers  it  from  sight,  the  overlying  Niagara  only 
being  visible  along  the  top  of  the  bluff.  The  Niagara  has  a  dip  of 
five  or  six  degrees  to  the  southwest,  and  passes  below  the  lower 
Devonian  {Comiferousf)  which  is  exposed  and  quarried  at  Lime 
Springs  station,  about  a  mile  farther  south.  The  thickn^s  of  the 
Niagara  included  in  that  interval  may  be  100  or  150  feet.  This 
underlying  bed  of  shale  gives  rise  to  springs  of  limy  water  that  en- 
ter the  river  along  the  bluff,  and  gave  origin  to  the  name  of  the 
village. 

In  the  southeast  quarter  section  33,  York,  about  forty  rods  north 
of  the  state  line,  is  a  very  small  exposure  of  the  Niagara,  in  the 
bottom  of  a  ravine,  with  the  Devonian  in  the  enclosing  hillsides. 
A  slight  opening  has  been  made  in  these  beds,  which  are  very  po- 
rous and  light  colored,  and  about  three  inches  in  thickness.  Al- 
though no  fossils  were  found  here  to  identify  the  formation,  the 
presence  of  a  very  different  rock,  well  known  as  the  Devonian,  in 
the  hills  and  ridges  surrounding  it,  as  well  as  the  strong  resem* 
blance  it  bears  to  the  Niagara  at  Lime  Springs,  will  allow  of  its 
being  regarded  only  as  the  Niagara  limestone. 

I%e  Devonian  Limestonea, 

In  the  report  for  1874  the  Devonian  limestones  were  described  as 
occurring  at  Le  Boy,  in  Mower  county.  It  was  then  supposed  that 
those  limestones  extended  but  a  short  distance  east  of  Le  Roy. 
They  have  been  found  during  the  past  summer  to  extend  considera- 
bly fhrther  east,  and  to  embrace  an  area  in  Fillmore  county  ftiUy 
ten  miles  wide  on  the  southern  border.  Along  the  western  bound- 
ary of  Fillmore  county  the  width  of  this  Devonian  belt  is  not  cer- 
tainly known,  but  it  has  about  the  same  width  as  on  the  southern 
Hence  the  eastern  boundary  line  of  the  Devonian  in  Mower  county 
should  run  ft'om  about  section  13,  Bennington,  northwestwardly  to 
about  section  7,  in  Pleasant  Valley.    The  Silurian  area,  as  laid  off 
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on  the  map 'Of  that  county,  should  probably  embrace  the  Niagara, 
the  Maquoketa  and  the  Qalena,  overlain,  in  the  northeast,  (Racine) 
by  the  Cretaceous. 

The  Lower  Devonian  limestones  are  very  difilsrent  firom  the  Upper, 
at  least  lithologically.  Dr.  White  has  classed  them  all  as  Hamil- 
ton. But  there  seems  to  be  some  reason  for  separating  them  into 
at  least  two  parts,  the  upper  portion,  which  contains  more  shale, 
being  the  probable  equivalent  of  the  Hamilton,  and  the  lower, 
which  greatly  resembles  the  Lower  Corniferous,  of  the  Ohio  Geo- 
logical Reports.  The  distinctively  Onondaga  features  ot  the  Ohio 
Corniferous  are  the  only  ones  seen  in  Fillmore  county.  The  color 
of  this  limestone  is  like  that  of  the  Galena,  but  its  even  and  non- 
vesicular texture  is  enough  to  distinguish  it  firom  that  at  a  glance. 
The  bedding  is  also  less  thick,  being,  when  in  exposure,  usually  less 
than  eight  inches,  though  when  quarried  it  is  in  heavy  beds.  It  is 
a  yellowish,  magnesian  limestone,  sometimes  with  a  finely  siliceous 
composition,  and  is  suitable  for  most  purposes  in  common  masonry. 
It  is  tolerably  free  from  colcite  lumps,  but  has  some  chert  nodules. 
It  has  a  few  fossil  brachiopods,  as  Atrypay  and  an  incrusting  bry- 
ozoon  like  Feneatella. 

At  Lime  Springs  station  is  a  quarry  in  the  Lower  Devonian,  ex- 
posing abouii  ten  feet.  At  Hopkins'  quarry,  situated  two  miles 
west  and  a  little  south  of  Lime  Springs,  about  twelve  feet,  in  heavy 
layers,  can  be  seen,  without  fossils,  but  holding  some  flint.  Dip 
southeast.  At  Chester  similar  beds  are  exposed,  near  the  mill, 
three-quarters  of  a  mile  south  of  the  state  line.  It  is  herein  heavy 
beds,  of  a  soft,  uniform,  granular  texture  and  yellowish  color,  useful 
for  a  cut  stone. 

This  rock  is  probably  that  which  is  said  to  appear  in  the  river 
banks,  section  84,  Beaver,  on  Jerry  Kingsley's  land.  . 

Southeast  quarter  section  20,  Beaver.  This  rook  is  again  seen 
here,  exposed  along  the  banks  of  Slough  Creek ;  owner's  name  un- 
known. It  here  shows  a  brachiopod  resembling  Orthisy  and  a  radia- 
ting Fenestella.  It  is  in  the  midst  of  an  uninhabited  prairie,  and 
only  weathered  pieces  can  bo  found. 

Southeast  quarter  section  18,  Beaver.  About  ten  years  ago  a 
cellar,  dug  for  a  farmer's  residence,  fhrnished  stone  of  the  same 
kind  in  sufficient  quantity  to  construct  his  house,  now  owned  by  Mr. 
James  Smith.  Similar  rock  again  appears  in  the  road,  northwest 
quarter  section  20,  Beaver,  but  is  somewhat  more  vesicular. 

Widow  Soarrie  has  a  small  quarry  in  a  yellowish,  fine-grained 
rock,  almost  non-fossiliferous,  and  probably  of  the  Lower  Devo* 
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nian,  on  the  southeast  quarter  section  28,  Bloomfield.  *  Outwardly 
this  much  resembles  the  Cretaceous  sandstone,  as  exposed  at  Aus- 
tin%  in  Mower  county,  but  it  has  a  doubtful  brachiopod  that  appears 
like  Atrypa.  Its  weathered  color,  its  homogeneity  and  fineness  of 
grain,  its  irregularly  rounded  cavities,  containing  loose,  ochreous 
dirt,  combine^  to  make  it  Cretaceous.  It  is  with  some  doubt  classed 
as  Lower  Devonian. 

This  limestone  is  found  in  loose  pieces,  and  often  in  surface  ex- 
posures, on  the  tops  of  knolls,  near  the  state  line,  sections  83  and 
84,  York,  the  porous,  white  Niagara  appearing  in  the  ravines. 

The  Cretaceous. 

No  attempt  is  made  to  map  out  the  Cretaceous  area  in  Fillmore 
county,  inasmuch  as  it  is  all  embraced  in  the  drift-covered  portion, 
and  but  one  or  two  localities  of  its  existence  are  known.  It  prob- 
ably extends  no  fhrther  east,  however,  at  any  point,  than  the  east 
side  of  the  first  tier  of  towns  along  the  western  border  of  the 
county.  Its  area  is  most  reliably  indicated  by  the  surface  features, 
in  the  absence  of  actual  outcrops.  Guided  by  this  only  it  is  sup- 
posed to  occupy  the  fiat  and  prairie  portion  of  Sumner  Township, 
stretching  southward  through  Spring  Valley  and  Bloomfield  and 
covering  the  most  of  Beaver,  and  perhaps  portions  of  York. 
Judging  firom  the  prevalence  of  Cretaceous  features  in  the  drift-clay 
exposed  in  the  railroad  cut  at  Lime  Springs,  it  has  played  an  im- 
portant part  in  originating  the  materials  of  the  heavy  drift  covering 
that  spreads  over  not  only  the  western  portion  of  Fillmore  county, 
but  all  the  counties  of  the  state  farther  west. 

The  lower  portion  of  the  Cretaceous,  which  is  that  represented 
in  Minnesota,  consists  of  sandstones  and  lignitiferous  clays  or 
shales — the  sandstones  lying  at  the  base  of  the  formation  and  being 
the  same  that  Dr.  White  has  denominated  in  lowathe  '^  Nishnabot- 
any  Sandstone."  Above  this  sandstone,  which  is  often  white  and 
incoherent,  with  a  thickness  of  about  one  hundred  feet,  so  far  as 
observed,  is  a  clayey  member  of  the  Cretaceous  which  has  been 
identified  by  Mr.  F.  B.  Meek  as  the  Fort  Benton  Group,  of  Messrs. 
Meek  and  Hayden.  This  is  well  exposed  in  the  region  of  the  Upper 
Minnesota  Valley^  and  contains  some  impure  lignite,  and  is  found  in 
small  pieces  disseminated  with  its  fossils,  through  the  drift-day  cut 
at  Lime  Springs,  a  couple  of  miles  south  of  Fillmore  county,  in 
Iowa.  The  Niobrara,  or  chalky  member  of  the  Cretaceous,  may 
also  exist  in  the  extreme  western  portion  of  the  state. 
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So  far  as  Fillmore  ooanty  is  concerned  the  presence  of  the 
Cretaceous  is  known  more  by  certain  indirect  or  secondary  eviden- 
ces,  than  by  the  actual  discovery  of  its  beds  in  situ.  In  the  extreme 
northeastern  comer  of  Mower  county  it  was  struck  by  a  farmer  in 
<^^ggiDg  ft  well.  It  there  has  the  form  of  .the  flne-grained  sandstone 
seen  at  Austin.  The  surface  features  that  prevail  at  that  point  pass 
into  the  northwestern  corner  of  Fillmore  county,  and  cover  the 
most  of  Sumner  Township.  Southward,  at  Spring  Valley,  a  similar 
stone  appears  in  the  north  side  of  the  creek  where  it  has  been 
opened  for  building  purposes  by  Messrs.  James  Wilder  and  Henry 
Thayer.  It  is  here  a  fine-grained,  argillaceous  sandstone  that  cracks 
and  crumbles  on  freezing  It  has  been  given  up  as  worthless  for  a 
building^  material.  Near  the  same  place,  on  David  Higby's  farm, 
S.  W.  i  sec.  82,  is  a  very  fine  and  tough  clay,  of  a  generally  bluish 
color,  almost  entirely  tree  from  grit,  which  is  spread  out  over  a 
wide  area  lying  but  few  feet  below  the  surface.  The  overlying  soil, 
which  is  annually  plowed,  is  a  black  loam,  (rather  clayey)  varying 
below  to  a  yellow,  clayey  loam.  This  clay  was  discovered  several 
years  ago,  but  nothing  has  been  done  that  will  demonstrate  or  indicate 
its  real  orgin,  though  it  is  evidently  not  a  part  of  the  drift.  It  has 
the  appearance  of  being  suitable  for  pottery  or  for  brick,  but  would 
require  some  sand.  A  soapy,  variegated  clay  also  occurs  at  J.  W. 
Smith's  brick  yard,  two  miles  northwest  of  Spring  Valley,  though  a 
drift  clay,  with  some  gravel,  is  used  in  the  manufacture  of  brick.  A 
similar  clay  is  met  in  abundance  at  Spring  Valley  village,  but  it  is 
mingled  with  limestone  fragments  and  drift  materials. 

Besides  these  clayey  deposits,  which  are  believed  to  have  resulted 
fh>m  the  degradation,  or  more  or  less  perfect  preservation,  of  the 
lower  Cretaceous  clays,  there  are  a  number  of  white  sand  deposits 
in  the  same  portion  of  the  county,  which  probably  are  referable  to 
the  incoherent  layers  of  the  Nishnabotany  sandstone.  One  of  these 
occurs  north  of  Mr.  J.  W.  Smith's  brick  yard,  on  section  17,  Spring 
Valley.  Another  is  situated  on  C.  C.  Temple's  land,  southeast 
quarter  of  section  eight,  Bloomfield,  where  it  is  20  feet  thick  at  least, 
haying  been  tested  to  that  depth,  the  bottom  never  having  been 
reached.  It  here  occurs  in  an  open  prairie  country,  and  is  known 
to  spread  out  over  many  acres,  lying  but  two  or  three  feet  below 
the  surface.  It  lies  on  the  Galena,  of  course  unconformably.  It  is 
not  a  purely  white  sand,  like  the  St.  Peter,  but  yellowish  white.  It 
is  sometimes  very  fine,  but  varies  to  coarse.  Another  deposit  of 
this  sand  is  on  Mr.  Andrew  McNee's  land,  northwest  quarter  section 
22,  Bloomfield,  and  still  another  on  J.  M.  Bezford's,  northeast  quar- 
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ter  section  36,  where  it  has  been  opened,  as  at  the  other  points 
named,  and  nsed  for  mortar.  These  are  situated  in  an  undalating 
tract,  with  some  shrubs  and  trees.  These  sand  beds  are  not  regard- 
ed as  belonging  to  the  Cretaceous  rock  in  situ,  but  as  being  copious 
local  products,  under  drift,  agencies,  of  the  Cretaceous.  Sometimes 
they  embrace  lumps  of  clay,  of  a  greenish  color,  like  the  Fort  Ben- 
ton, and  sometimes  they  show  oblique  stratijQication.  They  are  en« 
tirely  uncemented,  so  as  to  be  shoveled  directly  into  the  wagon. 
Another  singular  deposit,  in  the  same  manner  referable  to  the  imme- 
diate presence  of  the  Cretaceous,  occurs  on  the  southwest  quarter 
section  15,  Bloomfield,  land  of  Peter  Peterson.  Here  a  series  of 
knolls,  which  embrace,  indeed,  that  in  which  is  Mr.  Andrew  Mo- 
Nee's  white  sand  pit,  and  are  covered  with  aspen  and  hazel  brush, 
are  found,  many  of  them,  to  be  composed  of  a  beantiftil,  coarse 
gravel,  the  greater  part  being  white,  often  limpid,  quartz,  the  size 
of  the  pebbles  varying  from  that  of  a  pea  to  that  of  a  hazelnut.  On 
these  knolls  are  a  few  northern  drift  boulders,  and  no  doubt  the 
gravel  was  also  placed  in  the  position  it  now  occupies  by  the  drift 
forces.  This  gravel,  so  remarkably  homogeneous,  like  the  white 
sand  deposits  mentioned,  can  only  be  referred  to  the  immediate 
proximity  of  the  lower  Cretaceous.  It  could  not  have  been  far 
transported  without  being  mixed  with  other  rock  material.  It  dis* 
tinctly  points  to  the  existence  of  a  coarse  gravel  or  conglomerate  in 
the  lower  Cretaceous,  which  has  not  yet  been  discovered.  It  indi 
cates  also  the  littoral  nature  of  the  Cretaceous  beds  fh>m  which  it 
was  derived. 

There  is  still  another  indirect  evidence  of  the  existence  of  the 
Cretaceous  in  the  western  portion  of  Fillmore  county.  There  are 
heavy  deposits  of  limonite  iron  ore,  bearing  some  unascertained  re- 
lation to  the  Cretaceous,  or  to  the  drift  found  in  the  southwestern 
part  of  the  county.  In  the  Second  Annual  Report  of  the  Survey 
mention  was  made  of  the  occurrence  at  a  number  of  places  in  the 
Minnesota  Valley,  and  in  that  of  the  Blue  Earth,  of  a  coating  of 
iron  ore  on  the  Lower  Silurian  rocks,  where  they  are  unconformably 
overlain  by  the  Cretaceous.  Dr.  Shunard  says  of  this:  {Owen's 
Qeological  Survey  of  TFiscon8tn,  Iowa  and  Minnesota,  page  487.) 
'^The  nodules  of  iron  ore  have  mostly  a  concentric  structure,  and 
appear  to  be  of  good  quality.  The  superficial  indications  render  it 
probable  that  this  bed  of  iron  ore  may  be  both  extensive  and  easily 
accessible.''  In  Fillmore  county  a  discovery  was  made  by  Mr.  C. 
C.  Temple,  in  digging  a  well  near  his  sand  pit,  already  described, 
and  referred  to  the  Cretaceous  as  its  probable  source,  which  throws 
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some  light  on  the  maimer  of  ooomrence  of  the  limonite  referred  to. 
He  testifies  that  this  bed  of  iron  ore  is  at  least  ihirty-six  feet  in 
thickness.  In  his  well,  which  is  six  feet  circular  at  the  top,  he  dug 
down  abont  eighteen  feet,  when  he  reached  rock,  ihtgments  thrown 
oat  revealing  the  Galena  limestone.  He  describes  the  rock  as  oc- 
cupying but  about  one*half  of  the  diameter  of  the  shaft  he  was  dig- 
ging, which  afforded  great  quantities  of  soft  limonite,  or  ochre. 
He  drilled  into  the  iron  ore  a  depth  of  thirty-six  feet.  A  number  of 
wells  in  the  vicinity  of  Etna,  a  few  miles  further  southeast,  also 
struck  a  similar  iron  ore.  On  section  86,  Bloomfield,  a  great  many 
loose  pieces  of  porous  limonite  are  found  in  the  fields,  having  been 
plowed  up  in  the  soil.  The  county  surveyor,  Mr.  J.  Gregor,  also 
found  it  impossible  to  lay  out  the  quarter  sections  of  that  section 
in  the  usual  manner,  by  the  use  of  the  magnetic  needle,  though  the 
original  United  States  surveyors  record  no  unusual  disturbance  of 
the  magnetic  needle.  Limonite  iron  ore  is  regarded  usually  as  non- 
magnetic. In  large  quantities,  near  the  surface,  it  seems  to  infln* 
ence  the  magnetic  currents.  What  relation  this  ore  bears  to  the 
Cretaceous  is  not  known,  except  that  it  has  been  found  to  overlie 
the  Silurian  rocks,  or  to  cover  their  surfaces  with  a  scale  where  the 
Cretaceous  overlies  them  unconformably.  Further  and  more  min- 
ute observations  in  other  places  may  reveal  its  real  source  and  its 
value.  The  reader  is  referred  to  the  Second  Annual  Report  for  an 
account  of  the  Cretaceous  over  the  Lower  SUurian  at  Mankato,  in 
the  Valley  of  the  Minnesota. 

The  Drift. 

The  drift  presents  some  interesting  features  in  Fillmore  county 
The  western  limit  of  that  well-known  tract  denominated  The  Drift- 
less  Area^  by  Prof.  J.  D.  Whitney,  crosses  this  county.  This  bound- 
ary is  not  well-defined.  There  is  a  very  conspicuous  absence  of 
the  bluish  clay,  and  the  northern  boulders  that  distinguish  the  true 
northern  drift  sheet  of  counties  fhrther  west  and  north,  throughout 
the  eastern  two-thirds  of  the  county ;  the  boundary  line  running  ap- 
proximately, from  the  southeast  corner  of  Bristol  township  to  the 
northeast  comer  of  Jordan.  West  of  that  line,  which  is  modified, 
in  its  course,  by  valleys  and  uplands,  is  a  belt  of  five  or  six  miles 
in  width,  which  is  characterized  by  an  overlapping  of  the  loess 
loam  on  the  thinning  out  edge  of  the  drift  sheet.  This  belt  is 
characterized  fhrther  by  peculiar  local  modifications  of  the  mate- 
rials of  the  drift,  due  to  the  underlying  rock,  as  mentioned  under 
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the  head  of  Oretaceoua.  West  of  this  belt  the  trae  drift  becomea 
prevalent,  consisting  of  clay,  with  many  boulders. 

That  tract  which  is  regarded  as  driftless,*  is,  so  far  as  Fillmore 
county  is  concerned,  not  without  some  evidences  of  having  been 
subjected,  at  some  time,  to  a  force  similar  to  that  which  is  supposed 
to  have  deposited  the  great  drift-sheet  of  the  northwest.  There 
are  isolated  patches  of  gravely  with  small  stones,  sometimes  ce- 
mented into  a  crag,  which  have  been  noted  in  Fillmore  county, 
scattered  sparingly  over  the  eastern  part  of  the  CQunty,  as  the  fol- 
lowing field  minutes  will  show : 

Drift  pebbles  are  In  the  street,  north  of  the  schoolhousei  soathwest  quar- 
ter section  22,  Amherst. 

Drift  occurs  in  the  form  of  gravel  and  boulders,  some  of  them  a  foot  in 
diameter,  southwest  quarter  section  4,  Fountain,  on  the  east  bank  of  Sugar 
Creek,  in  the  road ;  seen  in  going  east  firom  the  quarry  of  Bnoch  Winslow. 
At  Fountain  village  there  Is  said  to  be  no  drift  between  the  loess  loam  and 
the  rock. 

A  little  drift  may  be  seen  at  the  Tunnel  mills,  section  84,  Sumner. 

There  is  a  little  fine  drift  visible  along  the  road,  southeast  quarter  section 
25,  Samner. 

At  Chatfleld  there  is  some  gravelly  drift,  with  small  boulders,  visible  in 
the  street,  near  the  millrace. 

Drift,  with  pebbles  and  stones,  appears  about  a  mile  south  of  Clear  Grit, 
on  the  Shakopee  terrace  along  the  highway. 

Also  on  the  road  to  Carimona,  near  Preston. 

About  midway  between  Preston  and  Carimona,  a  wash  by  the  roadside 
Tevealed — 

Loam • 8  feet. 

Gravelly,  red  loam 8  feet. 

With  no  distinct  separation,  a  few  small  boulders  lying  in  the  water  course 
below. 

At  Carimona  a  thin  layer  of  drift  is  usually  fbund  under  the  loam. 

The  same  is  true  at  Forestville.     . 

At  Spring  Valley  the  drift  is  so  prevalent  that  the  surfkce  of  the  oonmtry  is 
smooth,  and  has  a  lighter  colored  soil,  with  much  more  clay.  There  are 
bat  few  stones  or  gravelly  patches.  The  loess  loam  is  hardly  noticeable. 
One  large  boulder  lies  at  the  street  corner,  half  a  mile  south  of  the  corpo- 
rate limits. 

Between  Baldwin's  mill,  section  21,  Forestville,  and  the  state  line,  due 
sooth,  the  country  is  one  of  drift  prairie,  nearly  the  whole  distance,  with 
stones  and  boulders,  some  of  the  latter  pretty  large. 

At  iEtna,  section  86,  Bloomfleld,  among  a  variety  of  stones  pertaining  to 
the  drift,  may  be  seen  an  occasional  one  that  is  glaciaUd, 


*  J.  D.  Whitney,  Geology  of  WisoonBin,  Yol.  1,  ptgee  114-139. 
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At  Lime  Springs  and  Foreston,  a  few  miles  sonth  pt  the  state  line,  on  the 
Upper  Iowa  river,  the  drift  Is  abundant. 

At  Granger  there  Is  a  light  drift,  and  also  where  the  road  turns  north  to 
Preston,  northeast  quarter  section  86,-  Bristol ;  but  it  becomes  lighter  still 
or  entirely  invisible,  in  traveling  to  Preston.  In  its  place  a  heavy,  rich 
loam,  rather  clayey,  covers  the  country,  and  smooths  it  off  almost  as  effect- 
ually as  if  drift^^overed.  A  weU,  being  dug  about  Ave  miles  8«ath  of  Pres- 
ton, on  the  high  Trenton  area,  passes  through  this  loam  eighteen  feet  be- 
fore striking  the  rock. 

The  drift  is  very  thin  at  Lenora,  if  not  entirely  wanting. 

About  four  miles  southeast  of  Preston  a  large  green,  diorltic  boulder  may 
be  seen  lying  in  the  loess  loam,  in  the  road,  and  a  red  quartzose  pebble. 
The  pebbles  that  appear  in  guUles  by  the  roadside,  in  the  loam  area,  are 
generally  of  chert,  from  the  rock  of  the  locality.  It  cannot  be  ascertained 
whether  this  dioritlc  boulder  lies  on  other  drift  deposits,  but  it  is  surrounded 
laterally  only  by  the  loam. 

At  ElUota  is  a  thin  drift,  in  the  form  of  pebbles,  the  largest  being  three 
or  four  inches  in  diameter.  Thence  northeastward  to  Newburg  nothing  but 
the  yellow  loam  is  observable.  Between  Newburg  and  Riceford,  situated  on 
the  western  edge  of  Houston  county,  no  northern  drift  is  visible ;  but  at 
Biceford,  which  lies  in  a  deep  and  narrow  gorge,  a  few  drift  pebbles  occur 
in  the  street. 

About  the  center  of  sec.  29,  Holt,  is  a  deposit  of  drift  gravel.  It  may  be 
seen  in  descending  the  hill  northward.  Just  before  the  road  forks  to  Whalen 
and  Lanesboro.  It  is  considerably  cemented  by  lime,  forming  a  crag,  large 
lumps  of  which,  some  18  or  20  inches  thick,  have  been  used  for  embank- 
ment on  the  lower  side  of  the  road.  In  some  parts  it  is  quite  fine,  and  use- 
fta  for  mortar,  for  which  it  has  been  hauled  away.  It  is  at  least  ten  foet 
thick. 

There  are  boulders  in  the  valley  of  Duzbury  creek,  sec.  28,  Preston. 

Sec.  19,  Pilot  Mound.  In  the  road  going  to  the  river  ftom  the  south,  are 
a  lot  of  boulders  and  other  drift.  The  same  can  be  seen  on  the  north  side, 
going  up  flrom  the  ford.  The  deposit  seems  to  be  five  or  six  feet  thick, 
gradually  mingling  with,  and  finally  becoming  replaced  by  the  loess  loam. 

Drift  gravel  and  stones  are  seen  along  the  road  in  going  down  the  hin  to 
Isinours,  Arom  Preston. 

Drift  pebbles  and  clay  occur  at  the  crossing  of  Watson's  creek,  on  the 
direct  road  between  Fountain  and  Preston,  and  on  the  terrace  of  the  Shak- 
opee  limestone,  a  quarter  of  a  mile  south  of  the  creek. 

Boulders  are  seen  at  Spring  Valley,  and  on  Mr.  Kleckler's  fkrm,  two  and 
a  half  miles  east  of  Spring  Valley. 

An  occasional  boulder  is  seen  in  the  river  valley  at  Oeiner's  Mill,  sec  81, 
Jordan,  but  the  most  oi  the  surfkce  covering  on  the  rock,  in  the  high  prairie 
region,  seems  to  be  of  loess  loam. 

East  of  Highland  P.  O.,  in  Holt  township,  sec.  86,  is  a  conspicuous  deposit 
of  drift,  exposed  in  the  road,  in  the  form  of  a  stony  gravel.  It  lies  on  the 
brow  of  the  Shakopee  terrace. 

It  is  noticeable  that  in  nearly  every  instanoe  where  drift  pebbles 
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occor  in  the  r^on  known  aa  driftless,  they  lie  on  or  are  very  near 
an  outcrop  of  firm  rock.  They  frequent  the  brows  of  the  terrace 
lormed  by  the  Shakopee  limestone.  The  above  named  localities  are 
nearly  all  embraced  within  the  boundaries  of  the  drifbless  tract,  as 
already  defined  in  Fillmore  county.  These  patches  of  northern 
drift  present  the  appearance  of  greater  age  than  the  drift  of  the 
western  portion  of  the  county,  and  are  beiieved  to  belong  to  a  gla- 
cial epoch  that  preceded  the  epoch  that  produced  the  great  drift 
sheet  of  the  northwest.  An  "  interglacial  epoch"  separated  them. 
It  was  probably  during  that  interglacial  epoch  that  grew  the  peat  % 
and  coniferous  vegetation  that  has  been  found  in  considerable 
abundance  embraced  within  the  great  drift  sheet,  (or  at  least  below 
fifty  feet  of  drift  materials)  round  its  outer  margin,  as  mentioned 
already  in  a  report  on  Mower  county,  and  as  further  demonstrated 
in  Fillmore  county.  It  is  this  older  drift  that  is  covered  deeply  by 
the  loess  loam,  and  it  is  within  the  loam-covered  portion  of  the  county 
that  true  river  terraces^  of  aUuvidl  composition^  are  found.  (Com- 
pare Oeohgn  of  Ohio^  VoL  IL^  JSeporT  on  Delaware  County,) 

Ancient  JPeat  and  Vegetation  in  the  Drift  Deposits. 

Owing  to  the  great  geological  interest  connected  with  the  discov- 
ery made  last  year  of  a  peaty  bed  within  the  drift  deposits  of 
Mower  county,  a  carefdl  search  was  made  in  the  survey  of  Fillmore 
county  for  fhrther  information  concerning  its  origin  and  exact  re- 
lations.*  There  were  found  to  be  quite  a  number  of  places  in  the 
western  portion  of  the  county  where  farmers,  iii  digging  wells,  had 
struck  this  bed  of  vegetation.  No  opportunity  has  been  afforded 
to  make  a  personal  inspection  of  this  bed,  and  owing  to  the  indefi- 
niteness  of  the  information  derivable  fh>m  the  farmers  themselves, 
and  its  contrariety,  it  is  thought  best  to  give  only  the  statements  of 
Mr.  Calvin  £.  Huntley,  of  Spring  Valley,  a  professional  well-driller. 
Throughout  the  whole  of  the  county  there  is  much  difficulty  in  ob- 
taining ready  water  for  farm  and  domestic  use,  and  a  great  many 
wells  are  drilled  deeply  into  the  rock.  This  is  owing  to  the  ca- 
noned  character  of  the  rock  surface,  both  within  the  drift  area  and 
the  loam-covered  portion.  These  canons  serve  as  subterranean 
drains,  though  they  are  generally  filled  with  drift  in  the  western 
part  of  the  county.    Mr.  Huntley  fhrnished  the  following  facts 

•  For  lurther  Infonnstlon  on  the  snlOect  of  Tegetatlon  In  the  drift  depotlts  of  (he  north. 
west,  the  reader  la  referred  to  a  paper  by  the  writer  In  the  Procetsdinge  of  the  American 
Aaeoclatlon  for  the  Advancement  of  Solence,  1876,  Dvtrolt  meeting. 
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ooncerning  this  bed  of  vegetation.    Some  of  these  localities  are 
within  the  limits  of  Mower  county : 

Northwest  quarter  section  6,  Beaver.  Land  of  Andrew  Oleson  (Barly.) 
It  was  found  here  at  the  depth  of  thirty  feet,  situated  on  a  ridge  in  prairie 
country.  It  was  two  or  three  feet  thick,  and  had  a  blue  clay  both  above  and 
below  it  —then  strack  a  lime  rock. 

N.  E.  i  sec.  12,  Le  Bov,  Mower  county.  Land  of  D.  B.  Boaworth.  This 
was  also  on  a  high  ridge,  with  blue  clay  above  and  below  it,  and  lay  at  the 
depth  of  about  26  foet  below  the  surfisuse.  It  had  a  depth  of  seven  feet,  and 
contained  *<  decayed  stuff,  like  pressed  hay." 

N.  B.  i  sec.  1,  Le  Boy,  Mower  county.  Land  of  Ole  Knutson  (Stoley) : 
found  at  the  depth  of  thirty  feet;  live  feet  thick;  blue  clay  above  and  two 
feet  of  black  clay  below ;  then  lime  rock. 

Sec  80,  Bennington,  Mower  county,  on  land  of  Oents  Bverson.  This  is 
situated  on  a  flat,  and  was  found  flrom  80  to  82  feet  below  the  surfkce.  It 
was  three  feet  thick,  and  lay  below  blue  clay.  Below  it  was  gravel  to  the 
thickness  of  eight  feet,  when  the  well  struck  lime  rock. 

8.  E.  i  sec.  9,  Bennington,  Mower  county ;  land  of  John  Mehan.  It  here 
had  blue  clay  both  above  and  below  it,  and  a  thickness  of  two  feet.  It 
lay  at  the  depth  of  twenty  feet.    The  underlying  blue  clay  was  gravelly. 

It  was  met  in  the  same  town  on  Bobert  Cooper's  land,  at  the  depth  of 
twenty-flve  or  thirty  feet.  It  was  here  on  a  very  high  ridge.  It  was  in  a 
bine  clay,  with  gravel  both  above  and  below.  It  was  here  three  or  fbur 
feet  thick.    This  well  was  abandoned  on  account  of  quicksand. 

On  the  slope,  northeast  ttom  Mr.  Cooper's,  it  was  reported  to  have  been 
met  with  at  the  depth  of  six  or  seven  feet  from  the  surfkce,  on  the  land  of 
Mr.  Bass. 

Sec  2,  Sumner.  Land  of  Wm.  Bailey :  met  a  deposit  which  was  embraced 
between  layers  of  what  was  then  supposed  to  be  lime  rock.  This  deposit 
was  two  f»et  thick,  and  consisted  entirely  of  wood.  Bock  was  struck  at 
the  depth  of  eight  feet.  This  wood  was  thirty-five  f^t  below  the  surlkce. 
The  owner  called  the  rock  '*  grindstone  rock."  (This  was  probably  the 
Austin  sandstone,  of  the  Cretaceous,  and  the  wood  a  lignite  belonging  to 
same  age.) 

N.  part  of  sec  28,  Spring  Valley;  land  of  A.  D.  Hutchinson.  An  irony 
deposit,  having  an  unknown  thickness,  was  struck  at  the  depth  of  thlrty- 
flve  feet. 

This  was  also  met  in  the  central  part  of  Bacine,  on  the  fkrm  of  D.  Beedy 
at  the  depth  ol  twenty-flve  or  twenty-six  feet,  having  a  thickness  of  two 
or  three  feet.  It  came  up  in  chunks  which  glistened,  and  looked  like  iron 
ore. 

Under  the  head  of  Cretaceous  the  reader  will  find  ftirther  state- 
ments concerning  this  iron  ore.  Two  miles  west  of  Spring  Valley, 
on  the  land  of  O.  H.  Rose,  Mr.  Leonard  made  an  observation  on  a 
deposit  of  surface  crag.  This  he  found  abundantly  cemented  with 
iron,  lying  on  a  sloping  surface,  oovering  twenty-five  or  thirty 
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square  rods,  rendering  the  land  unfit  for  cultivation,  in  the  vioinily 
of  no  rock  bluff,  and  on  a  prairie  country.  Iron  ore  was  thrown  out 
of  a  well  S.  W.  i  sec.  24,  Bioomfield.  It  was  said  to  have  come 
out  in  chunks,  and  to  be  as  heavy  as  iron.  It  rises  to  the  surface 
and  a  plow  cannot  be  passed  through  it.  This  is  owned  by  Geo.  H. 
Smith.  Again  on  H.  T.  OdelPs  land,  section  36,  Bioomfield,  it  is 
found  in  scattered  lumps  variously  mingled  with  the  soil,  and  with 
other  stone.  These  surface  pieces  are  impure,  and  often  hold  ce- 
mented gravel  and  pebbles.  They  are  also  loose  and  porous,  and 
pass  into  ocher.  Similar  pieces  occur  on  section  1,  Beaver,  land  of 
O.  A.  Boynton. 

Wood  was  taken  fVom  two  wells  in  Jordan  township,  sections  29 
and  30,  on  land  of  M.  Bobbins  and  Geo.  Hare.  This  is  also  on  a 
high  prairie.    In  Mr.  Hare's  well  was  said  to  have  been  a  tree. 

WeUa. 

In  order  to  study  fhrther  the  thickness  of  the  drift,  and  its  lat- 
eral extent  in  the  county,  a  great  many  observations  were  made  on 
the  phenomena  of  common  wells,  and  the  tabulated  list  herewith 
appended  will  give  the  results  of  some  of  those  examinations.  It 
has  already  been  said  that  there  are  a  great  many  subterranean 
streams,  especially  within  the  area  of  the  Trenton  limestone.  Some 
of  these  streams  gush  out  along  the  river  bluffs,  and  give  rise  to 
copious  springs.  Wherever  there  is  an  open  rock  structure,  which 
is  not  imperviously  covered  by  the  drift  or  by  the  loam,  it  acts  to 
receive  the  surface  water  and  to  allow  its  passage  along  lower  levels 
to  the  main  river  valleys.  This  necessitates  the  drilling  of  a  great 
many  wells  which  penetrate  in  the  rock  to  a  depth,  sometimes,  of 
two  or  three  hundred  feet  before  reaching  water. 
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The  price  charged  by  Mr.  Huntley,  of  Spring  Valley,  for  drilling 
wells,  is  one  dollar  per  foot  the  first  fifty  feet,  with  twenty-five  cents 
per  foot  added  every  ten  feet  thereafter.  Messrs.  Sands  ^Toasley, 
Amherst,  receive  fifty  cents  per  foot  before  striking  the  rock,  one 
dollar  and  twenty-five  cents  per  foot  for  the  first  twenty  feet  in  the 
rock,  and  add  twenty-five  cents  per  foot  every  ten  feet. 

TJie  Loess  Loam. 

The  greater  portion  of  the  county  is  covered  with  this  loam.  It 
contains  no  gravel  or  boulders,  or  with  very  rare  exceptions,  but 
consists  almost  entirely  of  fine  siliceous  material  which  becomes  in 
some  places  quite  clayey,  making  a  very  slippery  mud  when  wet. 
This  in  outward  appearance  is  of  a  light,  yellow  or  rusty  color,  and 
differs  in  that  respect  team  the  loam  seen  on  the  drift-covered  por- 
tion of  the  county,  which  is  Arequently  black,  or  brown,  varying 
to  an  ash  color  when  mingled  with  a  considerable  per  cent,  of  clay 
from  the  drift,  and  also  contains  gravel.  The  loess-loam  is  very 
homogeneous  over  wide  tracts,  while  that  in  the  drift  area  is  subject 
to  local  and  sunden  variations.  The  loess-loam  is  indistinctly 
stratified,  especially  in  the  valleys,  but  the  usual  appearance  is  that 
of  non-stratification.  This  stratified  arrangement  is  rendered  the 
less  evident  fh>m  the  great  similarity  of  the  materials  ttom  the  top 
to  the  bottom.  It  does  not  consist,  apparently,  in  any  change  from 
coarse  to  fine  in  the  sedimentation,  but  in  a  lamination  of  the 
homogeneous  clayey,  loam,  and  is  easily  obliterated  by  exposure,  or 
by  trickling  water.  This  condition  was  noted  particularly  at  Pres- 
ton, and  indicates  that  it  was  deposited  in  still,  or  gently  moving, 
water.  Where  this  loam  lies  over  the  old  northern  drift,  it  pass 
through  a  gravelly  stage,  the  materials  of  the  loam  mingling  with 
the  coarser  portions  of  the  drift,  and  becoming  finally  replaced  by 
the  drift.  The  drift  patches  covered  by  this  loam,  pertaining  to  the 
eastern  and  central  portions  of  the  county,  and  believed  to  belong 
to  an  earlier  drift  epoch,  are,  so  far  as  seen,  made  up  of  gravel  and 
sand,  with  small  stones.  No  dr\ft  day^  like  that  which  covers  the 
western  part  of  the  county,  has  been  seen  overlain  by  the  loess- 
loam,  except  that  which  pertains  to  the  general  driH  sheet  of  the 
northwest,  and  which  occupies  a  narrow  belt  of  5  or  6  miles  wide, 
where  the  loam  overlaps  the  later  drift.  It  would  be  reasonable, 
however,  to  expect  that  some  such  clay  would  be  found.  The 
pebbles  that  are  thus  mixed  with  the  lower  portion  of  the  loam  are 
smooth  and  waterworn,  not  covered  with  a  coating  of  decayed 
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material  of  the  same  nature  aa  the  pebbles  themselyes,  as  they 
would  be  expected  to  be  if  the  loam  were  derived  from  the  decay, 
in  9UUy  of  the  materials  of  the  drift.  The  thickness  of  the  loess- 
loam  sometimes  reaches  twenty  feet  in  the  open  upland,  and,  under 
favorable  circumstances,  where  it  might  have  accumulated  laterally, 
as  well  as  perpendicularly,  it  is  much  more.  It  is  tickest  in  the 
eastern  part  of  the  county. 

AUuvial  TerraceB. 

At  Preston,  besides  the  flood  plain,  the  river  has  a  high  terrace- 
plain.  The  Stanwix  House  stands  on  it.  It  consists  of  loam  un- 
distinguishable  from  the  loess-loam  that  covers  that  portion  of  the 
county.  The  same  may  be  seen  at  Lanesboro,  and  at  Whalen,  but 
it  is  not  conspicuous.  At  Bushford  fragmentary  remains  of  this 
high  terrace  are  seen  in  the  valleys  of  the  tributary  streams.  Along 
the  main  valley  they  are  not  well  preserved.  There  are  two  terrace 
levels,  besides  the  flood-plain.  The  highest  terrace  plain  is  from 
70  to  80  feet  alK>ve  the  second,  and  about  ISO  feet  above  the  river. 
The  lower  terrace,  on  which  Bushford  stands,  is  about  40  leet  above 
the  river,  and  is  probably  never  reached  by  the  river  in  even  the 
highest  water.  Within  this  lower  terrace-plain,  which  spreads  out 
laterlly  and  forms  the  most  of  the  alluvial  land  between  the  rock- 
bluffs,  is  the  river  channel,  and  a  still  lower  flood-plain  about  20 
feet  above  the  river  at  low  stage.  A  similar  high  terrace  is  seen 
along  the  Mississippi  river  at  Winona,  in  Winona  county,  rising 
about  95  feet  above  the  river,  while  the  flat  on  which  the  city  of 
Winona  stands  is  about  25  feet  above  the  river  at  the  boat  landing, 
in  low  stage  of  water.  At  Bushford  and  Winona  the  high  terrace 
consists  of  a  material  different  from  the  loam  that  overspreads  the 
country,  being  made  up  of  stratified  sand.  This  terraced  condition 
of  the  valleys  of  Root  river,  and  of  the  Mississippi,  is  confined,  so 
far  as  observed,  to  the  loam-covered  area,  which  nearly  coincides 
with 'the  ^^drifUess  area,"  as  defined  and  described  by  Prof. 
Whitney. 

Material  jBeMmross — Fuel. 

In  addition  to  the  products  of  the  soil  which  will  always  be  her 
chief  source  of  material  wealth,  Fillmore  county  cannot  expect 
any  important  mineral  discoveries  to  augment  her  material  pros- 
perity.   She  has  a  good  supply  of  forest  for  purposes  of  common 
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Aiel,  and  will  not  suffer  firom  the  absence  of  ooal,  as  some  of 
the  counties  farther  west  have  suffered.  She  will  have  to  depend 
on  her  native  forest  trees,  or  on  those  that  are  being  propagated 
successfidly,  for  the  most  of  her  home  Aiel  supply.  There  is  as 
marked  an  absence  of  peat  in  this  county  as  there  is  in  Mower,  but 
a  single  locality  being  noted.  That  occurs  oh  S.  £.  i  sec.  26,  Spring 
Valley,  land  of  John  Eleckler  and  David  Brozlem,  and  is  eaid  to  be 
about  four  feet  thick,  covering  four  or  five  acres.  There  is  no  doubt 
but  other,  isolated,  small  areas,  of  a  turf-peat,  also  exist  in  the 
county,  but  the  circumstances  which  promoted  the  production  of  so 
large  a  surface  of  peat  in  Freeborn  county,  are  certainly  wanting  in 
Fillmore  county.  The  frequency  of  lakes  and  swamps,  and  abund- 
ance of  peat,  coinciding  as  they  do  in  Freeborn  county,  taken  with 
the  absence  of  both  in  Mower  and  Fillmore,  point  to  the  existence 
of  a  common  cause  for  these  surface  features. 


Iron* 


Throughout  the  western  portion  of  the  county  there  is  a  great 
deal  of  surface  iron,  manifesting  itself  generally  in  the  form  of  a  ce- 
ment in  gravel,  forming  a  dark-colored  crag.  There  is  also  much 
evidence  of  the  existence  of  a  heavy  continuous  layer  or  deposit  of 
limonite  iron  ore  a  few  feet  below  the  surface,  in  Bloomfield  and 
Beaver  townships.  The  details  of  these  localities,  and  of  the  evi- 
dence of  iron,  so  far  as  ascertainable,  have  been  given  under  the 
heads  of  Cretaceous  and  Drift,  Should  this  bed  prove  to  be  exten- 
sive, its  actual  value  for  commercial  purposes  may  vary  greatly 
from  its  intrinsic  value.  It  consists  of  a  loose-textured  hydrated 
peroxyd,  with  ochery  impurities,  and  bears  a  close  resemblance 
to  some  bog-ore  deposits ;  but  its  occurrence  on  high  land,  instead 
of  in  swamps,  necessitates  some  other  explanation  for  its  existence 
than  that  ascribed  to  the  occurrence  of  most  bog-ore  deposits.  It 
may  have  originated  during  that  swampy  condition  of  Southern  Min- 
nesota when  the  peat  grew  that  is  embraced  in  the  drift  deposits,  as 
already  detailed.  It  is  not  probable  that  it  will  ever  be  found  val- 
uable tor  the  manufacture  of  iron.  Before  the  opening  up  of  the 
vast,  and  richer,  iron  ore  beds  of  Michigan  and  Missouri,  the  bog- 
ores  were  considerably  used  in  the  production  of  iron,  on  a  small 
scale,  in  several  of  the  western  States,  but  the  small  furnaces  that 
smelted  them  have  all  ceased  operations  many  years  ago.  Another 
obstacle  to  the  utilization  of  this  deposit  in  Fillmore  county,  will  be 
the  lack  of  fuel  in  convenient  and  sufficient  quantities. 
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Lead. 

While  the  Galena  limestone,  which  is  eminently  lead-bearing  at 
Duboqae  and  Galena,  passes,  in  its  northwestern  trend,  across  the 
southwestern  portion  of  Fillmore  county,  it  has  not  been  discovered 
to  afford  the  same  amount  of  lead  as  in  Iowa  and  Illinois.  Indeed, 
at  points  more  remote  from  the  Mississippi  river,  in  Iowa,  no  re- 
markable deposits  of  lead  have  been  obtained  from  it.  There  is  not 
a  total  absence  of  lead  from  its  layers,  since  a  few  localities  are 
known  to  have  afforded  it  in  limited  quantities.  The  same  is  true 
of  the  lower  Trenton ;  which  seems  to  indicate  that  the  presence  of 
lead  in  the  limestones  of  this  region  does  not  depend  on  the  kind  or 
age  of  the  formation,  but  rather  on  some  later,  superimposed  condi- 
tions that  prevailed  over  the  region,  subjecting  various  formations 
to  the  same  influences. 

Q^iMime. 

All  the  limestones  of  the  county  are  suitable  for  quicklime,  but 
by  far  the  greater  quantity  is  made  from  the  upper  Trenton.  In  the 
townships  of  Sumner  and  Spring  Valley,  all  the  circumstances  ne- 
cessary for  the  cheap  and  rapid  production  of  quicklime  of  the  best 
quality  co-exist,  viz. :  a  suitable  limestone,  abundant  exposure,  and 
plenty  of  fuel.  The  Trenton  there  forms  some  of  its  characteristic 
outcrops,  constituting  the  bluflOs  of  the  streams  continuously  for 
many  miles,  and  rising  a  hundred  or  a  hundred  and  fifty  feet  above 
the  valleys.  The  kilns  are  built  at  the  foot  of  the  blufl,  and  the 
stone  is  cheaply  obtained,  without  much  cost  of  transportation. 
Wood  is  also  abundant  at  present,  much  of  that  portion  of  the  coun- 
ty being  covered  by  a  heavy  forest  growth. 

The  following  list  of  lime-burners,  with  their  localities  and  esti- 
mated production  for  the  year,  will  give  some  idea  of  the  extent  of 
the  business  now  carried  on : 

Palmer  and  Miller,  Bear  Creek,  three  kilns 2,000  bnshels. 

N.  B.  Fetterly,  Bear  Creek,  three  kilns 6,000  bushels. 

L.  G.  Odell,  Bear  Creek,  three  kilns,  (one  draw- kiln) 5,000  bushels. 

Charles  Gorton,  Bear  Creek,  one  kiln 1,000  bushels. 

Allen  Brothers,  Bear  Creek,  one  kiln  1,000  bushels. 

J.  Flnley,  Bear  Creek,  one  kiln  2,000  bushels. 

Isaac  Kegley,  Bear  Creek,  one  kiln 600  bushels. 

Lem.  Stout,  Bear  Creek,  one  kiln 2,000  bushels. 

T.  J.  Hammer,  Bear  Creek,  one  kiln 2,000  bushels. 

Blder  Cyrus  Toung,  Bear  Creek,  two  kilns Not  In  use. 
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Harvey  McQaillan,  Bear  Creek,  two  kilns Not  in  use. 

Olds  and  Braley,  sec.  9,  Spring  Valley,  one  kiln 2,000  bushels. 

I.  N.  Cununings,  sec.  11,  Spring  Valley,  one  kiln 

J.  H.  Hall,  sec.  12,  Spring  Valley 8,500  bushels. 

These  all  burn  the  upper  Trenton,  and  there  is  no  noteworthy  dif- 
ference in  the  quality  either  of  the  rock  or  of  the  lime  produced. 
According  to  th6  testimony  of  several,  however,  there  are  certain 
layers,  near  the  bottom  of  the  formation,  which  are  not  suitable  for 
quicklime.  Some  layers  also  are  arenaceous,  and  have  to  be  avoid- 
ed, but  the  great  mass  of  the  rock  is  exceedingly  well  adapted  to 
making  quicklime. 

The  kilns  used  are,  for  the  most  part,  of  the  rudest  construction, 
presenting  no  improvement  over  the  ancient  and  well-known  **  pot- 
kiln.''  They  have  to  be  emptied  and  refilled  for  every  burning.  Mr. 
L.  6.  Odell  has  the  only  draw-kiln  seen  in  the  county.  In  this  part 
of  the  county,  mixed  wood  sells  for  two  dollars  or  two  dollars  and 
fifty  cents  per  cord.  The  average  price  of  lime  is  twenty-five  cents 
per  bushel,  but  it  fiuctuates  fh>m  twenty  to  forty.  In  July,  1875, 
it  was  selling  for  twenty  cents ;  but  in  September  it  brought  forty 
cents.  The  lime  itself  is  generally  nearly  white  after  being  burnt, 
but  in  some  places  it  has  an  ashen  white  color,  though  on  slacking 
it  is  always  white.  It  slacks  with  rapidity,  evolving  considerable 
heat.  It  requires  from  sixty  to  soventy-two  hours  to  burn  a  kiln, 
depending  on  the  size  of  the  kiln,  and  somewhat  on  its  shape,  and 
consuming  about  ten  cords  of  dry  mixed  wood.  When  Areshly  and 
thoroughly  burnt,  one  bushel  by  measure  weighs  about  75  pounds, 
but  if  not  well  burnt,  it  will  exceed  80  pounds.  *' Delivered  at 
Spring  Valley,  by  weight  it  is  sold  at  the  same  price  as  by  measure 
at  the  kiln."  When  shipped  from  Spring  Valley  it  generally  goes 
west,  to  points  along  the  Southern  Minnesota  railroad,  and  is  known 
as  Spring  VaMey  white  lime. 

Throughout  the  county,  where  the  Trenton  limestone  appears, 
there  are  other  lime-kilns  that  supply  the  local  demand.  The  fol- 
lowing were  noted : 

At  Carimona,  by  William  Benslow. 
At  ForestviUe,  by  Frank  Tomer. 
At  Chatfleld,  by  Dennis  Jacobs. 
Sec.  85,  Carimona,  by  Mr.  Rollins. 
Sec.  25,  Canton,  by  Simon  Honck. 

The  Shakopee  is  not  used  for  making  lime  in  Fillmore  ooanty, 
though  it  is  extensively  burned  in  the  lower  Minnesota  valley,  at 
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Ifankato  and  at  Shakopee,  The  St.  Lawrence  limestone  is  some- 
what employed  for  this  purpose,  and  affords  a  lime  that  is  nearly 
white,  and  is  said  to  weigh  80  pounds  per  bushel  of  measure.  At 
Lanesboro  this  lime  sells  at  $1.25  per  barrel,  or  fifty  cents  per  bush- 
el, wood  costing  five  or  six  dollars  per  cord.  Mr.  Sherman's  kiln 
holds  about  300  bushels,  and  requires  10  to  11  cords  of  wood  for 
thorough  calcination,  burning  about  48  hours.  But  little  is  shipped 
flx>m  here.  The  lime  is  about  white,  and  slacks  perfectly  white. 
The  following  list  embraces  all  known  kilns  that  are  run  from  the 
St.  Lawrence : 

At  Lanesboro,  by  B.  Sherman. 
At  Lanesboro,  by  Moses  Qreer. 
At  Lanesboro,  by  Mr.  BnUer. 
At  Bushford,  by  Jos.  Otis. 
At  Rnshford,  by  Wm.  Crampton. 

Brick. 

There  is  no  lack  of  materials  for  making  common  red  brick.  In 
some  places  the  surface  of  the  drift  clay  is  used,  containing  some 
fine  gravel,  and  at  others  the  loess-loam.  Brickmaking  machinefy 
was  met  with  in  the  survey  of  the  county  at  the  following  points : 

Sec.  20,  Spring  Valley,  J.  W.  Smith. 
Forestville,  Michael  Shields. 
Preston,  FrankllD  Coleman. 
Lanesboro,  Thomas  Dnnsmore. 
Chatfleld,  Wm.  Stafford. 
Lanesboro,  W.  H.  Roberts. 
Bashford,  Die  Tuff. 
Granger,  (formerly,)  Mr.  Ferris. 
Peterson, . 

GMd^  Copper. 

In  small  quantities  gold  has  been  washed,  by  rude  methods,  from 
the  drift  at  several  points  in  the  county.  It  was  found  on  Luke 
Hague's  land,  in  gravel,  northeast  quarter  section  26,  Spring  Val- 
ley, and  at  Teariton's  saw  mill,  section  81,  Jordan.  There  are  ac- 
counts also  of  fragments  of  native  copper  having  been  found  in  the 
drift.  It  is  hardly  necessary  to  say  that  these  discoveries  do  not 
indicate  any  valuable  deposit  of  the  kind  in  the  rocks  of  the  locali- 
ties where  they  may  be  found.    They  pertain  to  the  drift,  and  have 
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been  transported  hundreds  of  miles  along  with  the  other  foreign 
sabstances  in  which  they  occur,  from  the  northern  part  of  the  State. 
Such  discoveries  have  sometimes  awakened  an  interest  that  has  cal- 
minated  in  stock  companies  formed  for  mining,  and  in  the  wasting 
of  thousands  of  dollars.  Similar  small  quantities  of  gold  can  be 
got  by  a  minute  washing  of  the  drift  at  almost  any  place  where  the 
drift  sheet  is  attenuated,  or  where  the  older  glacial  drift  has  been 
denuded,  leaving  the  gold,  which  is  indestructible,  either  by  the 
lapse  of  time  or  by  the  chemistry  of  the  elements,  on  the  rock  sur- 
face underlying.  Almost  every  geological  report  in  the  country 
makes  mention  of  them,  extending  at  least  through  Ohio,  Illinois, 
Indiana,  Wisconsin  and  Iowa. 

BuUding-Stcme. 

With  this  necessary  article  Fillmore  county  is  also  well  supplied, 
and  it  has  been  put  to  an  extensive  use.  There  are  hundreds  of 
openings  made  to  supply  a  local  demand,  besides  a  great  many 
more  extensive  quarries  which  are  known  for  a  good  many  miles 
round.  A  great  deal  of  stone  for  building  is  shipped  to  counties 
we&U  which  are  drift-covered,  and  without  accessible  building  stone« 
Probably  three-fourths  of  the  building-stone  used  in  the  county  is 
derived  from  the  Trenton,  the  other  fourth  being  made  up  of  the 
Gralena  and  the  St.  {jawrence.  The  Lower  Trenton  is  most  fre- 
quently employed.  This  is  largely  owing  to  the  prominent  manner 
of  its  outcrops,  as  shown  under  the  head  of  Drainage  and  of  /Sur- 
face-Features,  The  Upper  Trenton  has  been  used  in  the  construc- 
tion of  several  schoolhouses  and  private  residences.  At  Spring 
Valley  the  Galena  is  principally  used.  At  Lanesboro,  Whalen,  Pe- 
terson and  Bushford,  the  St.  Lawrence.  The  Shakopee  and  Jordan 
are  but  rarely  resorted  to. 

Probably  the  best  known  quarry  in  the  county  is  that  of  Mr. 
Joseph  Taylor,  near  Fountain.  It  is  situated  near  the  railroad,  from 
which  a  side  track  allows  the  loading  of  cars.  It  is  in  the  Lower 
Trenton,  and  supplies  the  '*  blue  limestone  "  that  is  so  largely  ship- 
ped by  the  Southern  Minnesota  Railroad  to  points  on  its  line  in 
Mower,  Freeborn  and  Faribault  counties.  The  beds  are  usually 
less  than  six  inches  in  thickness,  and  they  are  easily  broken  to  any 
desired  size.  It  is  a  hard  stone,  not  easily  cut,  but  can  be  dressed 
if  necessary.  It  is  not  injured  by  disseminated  shale,  as  much  of 
the  Lower  Trenton  is,  and  hence  makes  a  very  durable  material. 
Mr.  Taylor  delivers  it  on  the  cars  at  $4.50  per  cord  of  128  feeU 
At  Fountain  are  several  buildings  constructed  of  this  stone. 
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Besides  the  quarries  in  the  Trenton  that  have  been  mentioned  in 
giving  the  scientific  geology  of  that  formation,  a  number  were  vis- 
ited at  which  no  new  facts  of  interest  were  noted.  Such  were  Ole 
Oleson's,  northeast  quarter  section  36,  Harmony;  Wm«  Wilbright's 
and  Martin  Quinn's,  section  15,  Forestville :  Greorge  Drury's,  sec- 
tion 8,  Bristol ;  Grarrett  Mensing's,  southwest  quarter  section  27, 
Forestville.  It  would  be  impossible,  and  unnecessary,  to  mention 
all  the  places  where  this  limestone  has  been  wrought.  In  traveling 
over  the  county  a  number  of  stone  houses  for  residence  were  seen, 
belonging  to  farmers.  Such  are  O.  O'Hara's,  southwest  quarter 
section  18,  Amherst,  from  the  Trenton;  Mr.  Greorge  Park's,  section 
37,  Bloomfield,  from  the  Galena  of  Mr.  S.  S.  Belding's  quarry. 
The  stone  mill  at  Preston  is  of  the  Trenton.  Of  the  quarries  in  the 
Galena  at  Spring  Valley,  those  of  Mr.  Shumaker  and  of  Mr.  Allen 
are  the  most  important.  The  former  furnishes  a  beautiful  fine- 
grained cut-stone  for  trimmings,  as  well  as  stone  for  common  walls. 
The  latter  supplies  a  darker-colored,  and  coarser  stone,  which  haa 
been  considerably  used. 

From  the  St.  Lawrence  limestone  a  very  fine  building  stone  is  ob- 
tained. It  is  a  fortunate  circumstance  that  very  much  of  this  form- 
ation is  in  regular,  and  often  in  heavy  layers.  These  are  also  not 
so  firm  as  to  resist  the  usual  means  for  quarrying.  When  the  beds 
are  broken  the  blocks  are  found  to  possess  often  a  finely  vesicular 
texture.  Their  color  is  a  very  light  yellow,  or  buff,  resembling  that 
of  the  well  known  ^'  Milwaukee  brick."  The  principal  buildings 
at  Lanesboro,  including  the  Lanesboro  Hotel,  the  flouring  mill  of 
Thompson  &  Williams,  the  Presbyterian  and  Catholic  churches,  the 
public  schoolhouse,  and  a  number  of  stores,  are  of  the  St.  Law- 
rence, quarried  at  Lanesboro,  and  firom  land  owned  by  the  Lanes- 
boro Company.  At  Whalen  are  excellent  opportunities  for  obtain- 
ing this  stone  in  its  best  condition.  It  has  been  somewhat  wrought 
on  Whalen*s  Bluff.  Quarries  in  the  same  are  owned  at  Bushford  by 
Wm.  Crampton,  Jos.  Otis  and  Hiram  Walker.  Mr.  Crampton's 
quarry  furnished  the  stone  put  into  Boyam's  store,  and  also  that  of 
A.  E.  Hanson's.  Mr.  £.  Larson's  was  built  fh>m  Mr.  Otis'  quarry, 
and  that  of  Eierland  &  Son  from  Mr.  Walker's.  At  Amherst  P.  O. 
the  Jordan  is  quarried  some  for  foundations,  and  the  Shakopee  at 
Chatfield. 

Sand  for  Mortar  and  Concrete. 

Wherever  the  St.  Peter  sandstone  is  accessible  it  is  employed  for 

g  mortar.    It  is  equally  good  for  hard-finish,  being,  when  ta- 
10 
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ken  from  some  dq[)th,  purely  white  and  of  very  uniform  fineness. 
There  are,  however,  some  portions  of  the  coonty  where  it  is  much 
more  difficult  to  obtain  a  sand  suitable  for  common  mortar.  In  the 
western  part  of  the  county  a  white  sand,  or  one  nearly  white  is  ob- 
tained from  deposits  referable  to  the  Lower  Cretaceons.  These 
have  been  mentioned  under  the  head  of  Cretaceous.  They  are  found 
on  the  land  of  C.  C.  Temple,  southeast  quarter  section  8,  Bloom- 
field,  on  section  17,  Spring  Valley,,  on  Andrew  McNee's  land,  north- 
west quarter  section  22,  Bloomfield,  and  on  J.  M.  Rexford's,  north- 
east quarter  section  36.  Mr.  Temple  deliver's  sand  at  Spring  Val- 
ley for  $1.75  per  load,  of  two  tons.  One  team  can  haul  five  such 
loads  per  day,  but  generally  hauls  but  three.  From  three  to  five 
hundred  dollars  worth  are  taken  from  Mr.  Temple's  sand  pit  anna- 
ally.  Besides  these  sources  for  mortar-sand,  the  Jordan  sandstone, 
which  is  often  as  incoherent  as  the  St.  Peter,  can  be  used  to  advan- 
tage, though  it  is  rather  more  apt  to  be  cemented  by  iron.  There 
can  be  no  question  but  the  compact  and  impervious  nature  of  the 
green  shales  of  the  lower  Trenton  have  preserved  the  incoherency 
of  the  St.  Peter,  by  preventing  the  downward  percolation  of  ferrif- 
erous and  calcareous  waters,  which  certainly  would  have  left  their 
impurities  in  the  form  of  cement  among  its  beautiful  white  grains. 

The  proximity  and  cheapness  of  lime  and  sand  have  suggested 
the  building  of  houses  by  mixing  these  substances  in  the  form  of  a 
concrete.  Several  such  are  found  at  Fillmore,  also  in  Jordan,  and 
at  Bushford ;  but  this  method  is  not  general.  The  material  is  cast 
in  the  form  of  large  brick,  having  the  color  of  common  brown  mortar, 
and  these  blocks  are  laid  up  much  like  common  brick  walls.  Patent 
presses  are  used  to  make  the  concrete  blocks. 
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REPORT  ON   OLMSTED  COUNTY. 


BT  M.  W.   HABBIHGTOH. 


This  large  and  wealthy  county  lies  in  the  second  tier  of  coonties 
north  of  Iowa.  It  is  separated  firom  the  Mississippi  Biver  by 
Winona  coanty  on  the  east.  Fillmore  and  Mower  counties  on  the 
soath  separate  it  firom  Iowa.  It  is  bounded  on  the  west  by  Dodge 
coanty  and  on  the  north  by  Goodhue  and  Wabasha  counties. 
Olmsted  county  is  nearly  a  rectangle  with  five  ranges  of  townships 
east  and  west  and  four  ranges  north  and  south.  The  geometrical 
figure  is  rendered  irr^;ular  by  Wabasha  county  which  takes  out  two 
townships  ftom  the  northeast  comer.  This  insularity  is  farther 
increased  by  an  east  and  west  row  of  twelve  townships  on  the 
western  part  of  the  south  side  of  the  county,  and  extending  half  a 
section  farther  west  than  the  rest  of  the  countyl  The  county  con- 
tains 18  complete  townships  of  36  sections  each,  and  twelve  sec- 
tions in  addition,  making  654  sections  or  square  miles  in  all. 

The  following  table  gives  the  area  in  acres  of  each  of  the  town- 
ships of  the  county.  It  is  from  the  oflSce  of  the  State  Auditor, 
Hon.  O.  P.  Whitcomb : 
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Name. 


Elmir 

Doyer 

QoiDcy 

Orioo 

Eyota 

Viola 

Pleasant  Groye. 

Marion 

Hayerhlll 

Farmlngton. . . . 

High  Forest... 

Bochester 

Cascade 

Oronoco 


Rock  Dell. 


Salem 

Kalmar. 

New  Hay  en. 


Township 

N. 


Total  acres  and  fractions 


106 
106 
107 
106 
106 
107 
106 
106 
107 
108 
104 
106 
106 
107 
108 
104 
106 
106 
107 
108 


Bange. 
W. 


11 
11 
11 
12 
12 
18 
18 
18 
18 
18 
14  (6  sections)  > 

H        5 
14 

14 

14 

16  (6  sections)  ) 

16         J 

16 

16 

16 


Acres  and 
Fractions. 


28,008.69 
28,019.01 
28,088.81 
22,992.68 
22,988.90 
22,977.97 
28,020.18 
22,963.10 
28,006.91 
22,810.11 

26,804.42 

22,978.76 
22,916.46 
22,968.06 

26,809.22 

28,002.86 
22,990.60 
28,067.89 

421.841.96 


Drainage, — Streams  are  plentifal  and  their  fall  moderate.  The 
water  reaches  the  Mississippi  by  three  paths.  The  central,  north- 
ern and  western  parts  of  the  county  are  drained  by  the  Zumbro 
Biver.  This  stream  runs  north  into  Wabasha  coanty,  when  it  turns 
east  and  makes  its  way  to  the  Mississippi.  It  comes  into  Boches- 
ter from  the  southwest,  and  within  the  city  limits  Bear  Creek,  fh>m 
the  southeast,  Silver  Creek,  from  the  east,  and  Cascade  Creek,  firom 
the  west,  %mpty  into  it.  Near  the  north  line  of  the  county  it  re* 
ceives  quite  a  stream  resulting  fh>m  the  union  of  the  Middle  and 
North  forks  of  the  Zumbro.  The  southern  tier  of  townships  are 
drained  by  Boot  Biver,  which,  very  sinuous,  takes  a  generally  east 
course  for  the  Mississippi.  It  has  in  the  county  no  affluents  of  any 
size,  except  at  Chatfield,  where  a  stream  of  small  size  comes  in 
ftom  the  north  On  the  eastern  border  of  the  county  some  branches 
of  the  small  Wiiite water  Biver  reach  this  county. 

There  are  no  lakes  in  the  county.  There  are  a  few  small  ponds 
which  in  no  sense  deserve  the  name  of  lakes.  Streams  which  sink 
into  the  ground  and  disappear  are  said  to  be  not  rare.  The  U.  S. 
surveyor's  plat  of  Farmington  township  lays  down  one  such  stream. 
Another  is  laid  down  on  other  maps  in  Eimira  township ;  and  an- 
other in  Haverhill  and  Viola  townships.  From  reports  in  various 
parts  of  the  county,  it  seems  they  prevail  where  either  the  Lower 
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or  Upper  (Galena)  Magnesian  limestone  occutb — a  state  of  things 
to  be  expected,  as  will  be  noted  when  these  fomations  are 
discussed. 

Living  springs  of  cool,  pure  water,  of  the  best  qaality,  are  not 
rare.  They  are  by  far  most  common  on  the  south  or  west  sides  of 
blufOa,  where  the  green  clay  of  the  lower  part  of  the  Trenton  Lime* 
stone  comes  to  the  surface.  This  clay  is  impervious  to  water.  The 
formations  dip  slightly  toward  the  southwest.  The  layer  of  clay 
forms  a  nearly  level  floor  of  which  the  southern  and  western  sides  are 
lower  than  the  others.  The  water  will  consequently  come  out  on 
these  sides.  The  springs  are  frequently  of  large  size.  The  phe- 
nomenon of  a  row  of  springs  some  distance  up  the  sides  of  a  bluff, 
»  while  the  base  of  the  bluff  furnishes  no  springs,  is  by  no  means  a 
rare  one.  Spongy  earth  is  apt  to  collect  about  the  mouth  of  the 
spring.  When  filled  with  water,  it  is  soft  and  very  miry.  In  form- 
er times,  when  the  road  crossed  such  spots,  bad  mudholes  were 
found.  They  have  now  been  generally  tapped  and  drained,  though 
they  are  still  occasionally  met  on  the  less-traveled  roads. 

Water-powers. — Olmsted  county  is  more  than  usually  favored 
with  good  water-powers.  This  resulte  from  the  large  number  of 
streams,  the  swiftness  of  their  currents  and  the  favorable  nature  of 
the  banks  and  bottom.  The  information  which  is  given  in  the  fol- 
lowing table  was  derived  from  Mr.  F.  T.  Olds,  of  the  firm  of  Olds  & 
Fishback,  owners  of  Rochester  City  Mills,  and  from  John  M.  Cole, 
owner  of  Zumbro  Mills. 

WiUer^Power  MiUs  ifi  OLmsted  County. 


Name  of  MUls. 


Boohester     City 

Mills 

Zumbro  Mills.... 


CssGftde  Mills.... 

Woolen  Mill 

Oronoeo  Mills... 

Middleton'sMUl. 

8»wMlll 

StewArtTllle 


Castom  MUl 

StQlncy  Mills 
AW  Mill 


>••••.. 


Owner. 


Olds  A  Fishback. 
Jno.  M.Cole 

Lyman  Tondro.. 

Wm.  Hartley 

AUis,  Qooding  A 

Hibberd 

R.  Middleton.... 

Jas.Batton 

Chas.  Stewart... 

J.  Fogle 

Boglish 


Ambler* . 


Location. 


Rochester  City 


44 


Oronoeo  Vil.. 

Kalmar 

New  Haven . . . 
fiiffh  Forest.. 
Orion 

Snincy 
ew  Haven.. . 


Stream. 


Znmbro.  •  •  • .  • 

Zombro  with 

Bear  Creek 

Cascade  Or... 

Bear  Creek.. 

Znmbro 

It 

•i 

Root 

•t 

u 

Whitewater . 
Znmbro 


*s 

«M       • 

^•d 

®2 

u 

P5« 

16 

4 

10 

4 

17 

2 

IT 

16 

7 

6>tf 

% 

6 

18 

8 

smalL 

smalL 

10 

2or  S 

10 

Capacity 
per  day. 


lOObbls. 

lOObbls. 

60bbls. 
60  horse 
power,  on- 
ly partly 

.improved. 

160bbls. 

86bbl8. 

60bbls. 
60bbl8. 
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Several  animproved  powers  are  reported.  There  are  Bome  be- 
tween Rochester  and  the  north  boundary  of  the  county,  bat  bad 
bottom  and  banks  prevent  their  improvement.  There  are  said  to 
be  two  good  powers  between  Oronoco  Mills  and  the  main  stream. 
An  unimproved  power  is  said  to  be  found  at  Grenoa.  At  High  For- 
est village  a  water-power  was  improved  years  ago,  but  has  l>eai 
permitted  to  go  to  ruin. 

The  Surface  is  much  diversified  and  the  natural  scenery  veiy 
pleasing  to  the  eye.  The  surface  is  generally  rolling.  Along  the 
streams  bluffs  are  found  sometimes  nearly  200  feet  high.  These 
bluflis  are  usually  steep,  level-topped,  and  characteristic  of  the  geo- 
logical formation  which  makes  them.  They  are  most  common  in 
the  central  and  eastern  parts  of  the  county.  Rochester  lies  in  a 
valley,  with  bluffs  all  around  it.  It  climbs  the  bluff  toward  the 
west.  Dover  Center,  Marion  and  Chatfleld  lie  in  similar  valleys. 
Curious  isolated  mounds  are  common,  especially  along  the  east  side 
of  the  Zumbro  in  the  southwest  comer  of  Farmington  and  the  adja- 
cent corners  of  neighboring  townships.  They  are  also  common  in 
Elmira.  Toward  the  west  the  surface  is  much  more  level.  Much 
of  Rock  Dell  township  is  like  the  prairies  Just  south  and  west  of  it. 
The  name  of  the  township  is  derived  fh>m  two  or  three  rocky  dells 
in  its  northern  part. 

The  following  notes  were  taken  from  the  plats  of  the  government 
survey  of  the  county.  These  plats  were  not  dated,  but  according 
to  the  State  Auditor's  records  the  county  was  surveyed  in  1854  and 
1855.  They  were  found  in  the  oflSce  of  the  county  register,  where 
access  was  given  to  them  with  the  utmost  courtesy : 

Farmington,— {T.  108  N.,  18  W.)    This  was  a  prairie  township. 
From  an  isolated  bluff  in  section  19  extended  a  stream  which  sank' 
in  about  the  middle  of  section  28.    The  magnetic  variation  varied 
from  8o  24'  to  9^  51'.    Several  marshes  of  some  size  were  recorded. 

Oronoco, — (T.  108  N.,  14  W.)  No  marshes  worth  noting  are 
shown  on  this  plat.  Wood  accompanies  the  streams,  varying  fh>m 
one  to  three  miles  in  extent.  The  Zumbro  on  this  and  other 
early  maps  is  called  the  Embarass  R.  The  bluffs  along  the  river  are 
sometimes  marked  100  feet.  The  magnetic  variation  varied  from 
8^  24'  to  9«  55'. 

New  Haven.— {T.  108  N.,  15  W.)  This  township  is  represented 
as  quite  uneven,  and  blufb  occur  along  the  streams.  Woods  fol- 
low the  streams,  and  two  or  three  aspen  thickets  are  marked.  The 
magnetic  variation  was  8°  55'  to  9©  54'. 

Quincy.—{T.  107  N-,  11  W.)    This  was  mostly  prairie  when  sur. 
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veyed.  There  was  some  wood  along  streams^  and  a  few  scattering 
thickets.  A  single  small  marsh  was  marked.  BlalOTs  accompany  the 
streams.    Magnetic  variation,  8o  27'  to  9o  51'. 

Viola, — (T.  107  N.,  12  W.)  Several  small  marshes  were  marked. 
A  range  of  prairie  extended,  east  and  west,  through  the  middle. 
Prairie  also  occupied  the  northeast  corner.  Blafb  accompany  the 
streams  here  also.    Magnetic  variation,  8o  26'  to  do  34'. 

Haverhm.—{T,  107  N.,  18  W.)  About  half  of  the  town  is  prai- 
rie. Woods  extend,  as  usual,  along  the  streams,  which  are  accom- 
panied by  blujQTs.  Several  marshes,  none  of  great  size,  are  platted. 
Magnetic  variation,  8o  to  9^  41'. 

CcLScade, — (T.  107  N.,  14  W.)  There  are  no  marshes  laid  down 
in  this  township.  It  is  nearly  all  prairie-land,  brush  accompanying 
the  streams  generally,  and  a  few  scattering  thickets  being  marked. 
The  bluffs  along  the  river  are  sometimes  quite  elevated  for  the 
county.    Magnetic  variation,  8o  13'  to  9^  33'. 

KcUmar, — (T.  107  N.,  16  W.)  Rather  heavy  timber  occupies 
the  northwestern  part.  An  isolated  grove  is  marked  in  sections  13 
and  14.  A  single  marsh  is  laid  down  in  sections  11  and  12.  The 
banks  of  the  fork  of  the  Zumbro  are  bluffy.  Magnetic  variation 
8^  86'  to  90  86'. 

Dover— {T,  106  N,  11  W.)  The  township  is  an  essentially 
prairie  one,  though  many  isolated  thickets  are  marked,  and  there 
is  some  wood  along  a  branch  of  the  Whitewater  river.  The  marshes 
are  few  and  insignificant.  The  magnetic  variation  is  from  80  40'  to 
90  50'. 

Eyota.—(T.  106  N.,  12  W.)  A  broad  belt  of  timber,  about  three 
miles  wide,  crosses  the  township  diagonally  fh>m  the  northwest  cor- 
ner.   The  magnetic  variation,  9°  to  10^  40'. 

Marion.— {T.  106  N.,  13  W.)  Several  marshes  are  given.  The 
land  is  wooded  along  the  streams,  leaving  about  one-third  of  the 
township  in  prairie.    Magnetic  variation,  80  40'  to  10^. 

Bochester.—(T.  106  N.,  14  W.)  The  township  is  mostly  brushy, 
with  scattering  timber.  Bluffs  accompany  the  streams.  Several 
marshes  are  laid  down.    Magnetic  variation,  8^  15'  to  9^  50^. 

8alem,—(T.  106  N.,  15  W.)  Two  marshes  of  about  120  acres 
each,  and  one  of  about  160  acres  are  given.  About  two-thirds  are 
marked  as  wooded,  but  the  prairie  portion  comes  at  the  north, 
where  the  streams  are  m«st  abundant.  The  streams  are  not  marked 
as  bluffy.    Magnetic  variation,  8^  47^  to  9''  38'. 

Elmira.—{T.  105,  N.  11  W.)  This  township  was  about  half- 
wooded.     An  independent  drainage  is  uoarked  in  sections  8,  9, 
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16,  17,    Bluffjr  mounds  not  on  streams  are  marked.    Magnetic  va* 
riation,  8®  46'  to  10°  65'. 

Orion  (T.  106  N.,  12  W.)  is  somewhat  wooded  along  streams. 
In  sections  10  and  15  a  stream  is  represented  as  sinking.  The 
banks  of  Root  river  are  blnffy.  A  small  lake  is  given  in  sections 
85  and  86.     Magnetic  variation  9^  20'  to  12^  12'. 

Fleaaant  Ghrove. — (T.  105  N.,  18  W.)  A  large  marsh  of  aboat 
120  acres  is  laid  down  in  the  southern  part  of  the  township.  A 
band  of  woods  about  8  miles  wide  accompanies  the  river,  the  banks 
of  which  are  bluffy.     Magnetic  variation  8^  25'  to  10^  57'. 

High  Forest.— {T.  105  N.,  14  W.,  with  a  range  of  sections  in  T. 
104  N.,  14  W.)  A  large  marsh — about  820  acres — ^is  laid  down  in 
sections  80  and  81.  The  township  is  wooded  along  the  streams, 
but  is  about  half  prairie.     Magnetic  variation  6o  45'  to  9o  55'. 

Bock  DeU.—{T.  105  N.,  15  W.,  with  a  range  of  sections  in  T. 
104  N.,  15  W.)  A  large  marsh — 820  acres — in  the  northwestern 
part.  The  land  along  the  streams  is  little  wooded.  The  banks  of 
the  streams  in  the  northern  part  are  bluffy ;  in  the  southern,  not. 
Magnetic  variation  7o  40'  to  9^  18'. 

There  seems  to  be  no  easily  recognizable  order  in  the  magnetic 
variation  for  different  parts  of  the  county.  The  extremes  were  6^ 
45'  and  12^  12',  in  High  Forest  and  Orion  respectively.  Both  these 
towns  are  on  the  south  side  and  not  far  apart. 

Some  elevations  have  been  taken  on  lines  of  railroad,  built  or  pro- 
posed,  through  the  county.  Those  of  the  Winona  and  St.  Peter  R. 
R.  I  have  not  been  able  to  see.  Mr.  W.  D.  Hurlbut  tells  me  that 
the  survey  for  this  railroad  makes  Eyota  1,210  feet  above  the  sea, 
and  gives  the  same  height  (1,210  feet)  to  Byron. 

The  following  are  elevations  on  the  line  of  a  proposed  railroad 
from  Wabasha  to  Austin,  and  along  the  lines  of  several  other  pro- 
posed roads.  Some  of  them  fall  in  neighboring  counties,  but  they 
are  given  here  to  make  them  of  general  use.  They  are  Arom  the 
notes  of  Horace  Horton,  civil  engineer,  Rochester,  who  ran  the  lines 
on  which  the  elevations  occur.  These  elevations  were  referred  to 
the  level  of  low  water  in  the  Mississippi  River  at  Wabasha^  This 
is  80  feet  below  St.  Paul  and  620  feet  above  the  surface  of  the 
ocean. 
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1  Head  of  Bast  Indian  creek,  5  miles  N.  El.  of  Plaln- 

Tlew,  (Wabasha  county.) 

8  Street  of  Plainyiew  (^Wabasha  county.) 

8  Elgin,  (Wibasha  conntyj •  •  • 

4  Near  center  of  sec.  14,  BLaverhlU \ 

5  S.  W.  comer  sec.  24,  Haverhill,  (Bock,  seen  some 

ftet  above.) 

6  Base  qf  Sagar  Loaf,  sec.  81  and  82,  Haverhill.... 

7  College  street  bridge,  Bochester. 

8  Surface  of  water  beneath 

9  Summit  of  Lone  Monnd,  section  11,  Farmington, 

within  10  feet  of  Plainview  level,  viz. : 

10  S.  £.  corner  sec.  10,  High  Forest 

11  Low  water  at  High  Forest  village 

12  Sec.  29,  T.  104  N.,  16  W.,  Mower  Co.,  half  mile 

sonth  John  Bowley's  honse 

18  Dr.  Thornhiirs  farm,  4  miles  east  Brownsdale,  in 

Mower  coonty 

14  S.  Minn.  B.  B.  at  Brownsdale,  (Mower  county.) •• 
16  St.  Paul  and  Milwaukee  B.  B.  track  at  Austin, 

(Mower  county.) 

16  Chatfleld,  about 

17  Pleasant  Grove,  about 

18  Creek  near  the  school  house  in  sec.  15,  Cascade, 

about 

19  N.  W.  corner  section  10,  Cascade 

20  Quarter  stake,  sections  88  and  84,  Oronoco 

21  Center  stake,  sec  21,  Oronoco 

22  SurfJMse  of  river  at  Oronoco 


Above  the 

Mississippi 

Above 

Blver  atlow 

the 

water  at 

Ocean* 

Wabasha. 

684 

1,164 

518 

1,188 

890 

1,010 

684 

1,264 

570 

1,190 

880 

1,010 

840 

960 

826 

946 

518 

1,188 

667 

1,287 

670 

1,190 

767 

1,877 

780 

1,860 

682 

1,262 

660 

1,180 

267 

887 

667 

1,287 

866 

986 

600 

1,120 

490 

1,110 

466 

1,086 

816 

986 

Lone  Mound  (elevation  9)  is  about  150  feet  above  the  surround- 
ing country. 

Elevation  10  gives  the  summit  of  the  water-shed  between  the 
Zumbro  and  Root  Rivers.  From  section  5,  Orion,  to  section  21, 
Rock  Dell,  the  elevation  of  this  water-shed  does  not  vary  10  feet 
from  the  figures  given.  By  comparing  the  figures  in  the  table  it 
will  be  seen  that  this  water  shed  includes  the  highest  land  in  the 
county  of  which  we  have  any  record  of  observations.  A  general 
elevation  toward  the  south  and  southwest  is  visible.  This  elevation 
reaches  its  maximum  in  the  counties  south,  which  include  in  their 
borders  the  most  elevated  land  in  the  btate.  On  comparing  the 
geological  map  of  the  county,  accompanying  this  report,  and  the 
table  of  elevations,  a  striking  relation  between  the  altitude  and  ge- 
11 
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ological  formation  is  rendered  manifest.    Tiiis  will  be  more  partic- 
ularly referred  to  ander  the  heads  of  the  individual  formations. 

Timber, — Heavy  timber  is  found  along  the  large  streams,  though 
it  is  pretty  well  cut  out  now.  Aspen  and  brush  thickets  are  com- 
mon everywhere.  The  following  trees,  shrubs  and  twining  plants 
were  observed  while  driving  through  the  county : 

I.    Tree9. 

Basswood  CTUia  Americana.    £.) 

Sugar  Maple  {Acer  Saecharinum,     Wang.) 

Bed  Maple  {Ay  rubrum.    L.) 

Soft  Maple  {A,  daeycdrpum,    JEhr.) 
The  first  two  maples  do  not  usually  attain  any  considerable  size,  while 
the  soft  maple,  in  a  state  of  nature,  becomes  a  large  tree. 

Box  Elder  (Negundo  aceroides.    Mctnch.)    . 
This  tree  is  common  along  streams  and  is  a  favorite  in  caltivation.    In 
transplanting  it  is  trimmed  up  too  much  to  easily  take  root.    It  is  a  pretty 
tree,  of  pleasing  form  and  Aill  foliage. 

White  Ash  {Fraxinus  Americana,    L,) 

Slippery  Elm  (  Ulmus  fulva.    JUichx. ) 

Corky  Elm  (  U.  racemosa,    Ihamas.) 

Of  which  I  saw  several  trees  along  the  streets  in  Rochester.    It  was  un- 
donbtedly  transplanted  ttom  woods  close  by. 

White  Elm  (U.  Americana.    ZpU  Clayt.  Willd.) 
Black  Walnut  {Juglans  nigra.    X.) 
A  grove  of  these  trees  was  seen  in  Kalmar. 
Butternut  (Juglans  cinerea.    L.) 
Hickory  {Carya,) 
Only  very  smaU  trees  were  seen.    It  is  said  that  they  are  always  cut 
when  young  to  make  round  barrel-hoops,  such  hoops  having  been  taken 
to  be  characteristic  ol  barrels  containing  Minnesota  fiour.    It  is  a  destruc- 
tive and  pernicions  practice,  for  thus  one  of  the  most  valuable  of  trees  is 
prevented  Arom  maturing.    The  only  way  to  prevent  it  is  to  make  sqnare 
hoops  the  fiishion  fbr  Minnesota,  which  coald  easily  be  done  by  a  combi- 
nation of  the  leading  millers. 

Bur-oak,  {Quercut  maorocafpa.    Mibhx,) 
Is  very  abundant.    On  prairies  it  is  low,  8-8  ft.  high,  forming  extensive 
thickets  and  AruiUng  abundantly.    In  more  favorable  localities  it  is  larger 
and  may  become  quite  a  tree. 
White-oak  ( Q .  alba.    L .) 
Is  hard  to  distinguish  at  a  distance  from  the  preceding.    Undoubted 
specimens  were  seen  near  J9igh  Forest. 

Jack-oak,  Yellow-oak,  etc.,  etc.,  {Q.  coceinsa,  Wang.     Var.  Hnotaria.) 
Like  aU  the  species  of  this  group  of  oaks,  this  tree  is  hard  to  identify. 
It  is  very  common  but  is  gradually  disappearing  before  civilization.    It  is 
frequently  seen  dead  or  dying,  without  apparent  cause. 
Paper-birch  (Betula  papyracea.    Ait.) 
Small,  along  streams  in  the  northern  part  of  the  county. 


Americui  Aapen  {PnpMltu  trtmvloide*.    .^Rote.) 
Veijr  common,  wiully  Bmall. 

Coarael;  toothed  Aspen  (P.  grandidentata.    JAcAx.) 

Cottonwood  (P.  Mon(I<r«ra.    ^it.) 
A  great  (kTorlte  Id  cnltlyatlon. 

Balm  of  Qllead  (P.  bal»amifera.    L.) 

BllTGT  Poplu  (P.  olfra.    £,) 

Lombardy  Poplar  (P.  dfioCaja.    ^ft.) 
The  last  tbree  are  Intradoced  and  are  very  common  In  cnltlvatlon. 
Willows.    SeTeral  species  were  seen,  some  of  them  becoming  large 

White  Pine  {Pinui  Hrobus.    Z.) 
A  ftw  straggling  specimens  were  seen  on  the  blolb  three  miles  east 
Bochester. 

Locnst  ISobinta  PieKd-aeacia.    L.)    . 
Is  commonly  cnltlvated.    The  same  is  trn«  of  several  plnee  and  spnioes 
and  a  larch. 
II.    Shniba. 

Prickly  Ash  (ZantAoxvlum  Americanum.    Mill.) 

Smooth  Somac  CRhui  glabra.    L.) 

Poison  Ivy  (if.     Toxieodndron.    L.) 

Talse  Indigo  iA^KOtrlM /^vtieoaa.    L.) 

Lead  Plant  {A.     Cane*cent.    JITirtt.) 

Wild  Plnm  CPrunua  Americana.    Marthalt.) 
Apparently  seTeralTarietlea,  some  of  them  prodnclng  the  greatest  abund- 
ance of  pleasant  frait. 

Wild  Red  Cherry  (P.    Pennislvanlea.    L.) 

Choke  Cherry  {P.     Virgintana.    £.) 

Wild  Black  Cherry  (P.  aeroHna,    Shr.) 

Nine  Bark  ISpiraea  opHlf/blia.    L.) 

Common  Meadow-Sweet  {Salictfolta.    L.) 

Wild  Rose  {Boaa  Manda.    Ait.) 

Wild  Bed  Raspberry  (Bubut  tlrtgotua.    JAcAx.) 

Wild  Black  Raspberry  [B.  occidtntalts.    £.) 
PiBTot  of  the  fniit  Is  said  to  be  remarkably  good. 

Common  Blackberry  (B.  viUoitt*.    Alt.)    Hot  common. 

Black  Torn  (OatiKffuatOfiuntoaa.    L.     Var.p^fylia.) 

Black  Thorn  (CVa«B0ui(Qm«n(o«a.    L.     Far.  punctata.) 

Choke-berr;  {Pi/rus  arbntifolia,     L.) 

Am.  Honntaln  Ash  (P.  Americana.    DC.)    Cnltivated. 

£□.  UonntalD-Ash  (P.  Aacuparta.     Oeert.)    Caltlvated. 

Sed-osler  Dogwood  (Corniu  ttolo*iftra.    AflcAx.) 

Fanlcled  Dogwood  (C,  panieulata,    L'Bsr.') 

Wolf-berry  i_8tmphoricaTfiu  oeefdaMlall*.   S.  Br.) 

Sheep-berry,  Wild  Haw  {Tibvrnwok Ltittago.    £.) 

Cranberry -tree  [  V.  (Tpuliu.    L.) 
Is  frequently  cnltlvated. 

Basel  (Oorylus  ^mertcona,     ITott.} 
Abandant  on  prairies. 
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Itow  Birch  iBetulapuifUla.    X.)    Cold  bogs. 
Speckled  Alder  {Alnu9  incana,    WUld,)    Along  streams. 
Juniper  (Junipenu  8a!bina,    L,) 
Seen  only  on  a  rocky  bank  on  Boot  River— sec.  85.    Bock  DeU. 

III.     Flfisf. 

Virgin's  Bower  {Olameti$  Virginiana.    Z.) 

Frost  Grape  ( VUis  eordifolia,    JtBchx.) 

Virginia^Creeper  {Ampelqpsia  quinquefolta,    Mkhz,) 
Common  wild  and  a  favorite  in  cultivation.    It  is  often  erroneously 
called  loy. 

Shrubby  Bitter-sweet  (  Oekuirus  scandetis.    L. ) 

Hop.    (Humulu9  Lupulu9.    L,) 
Wild  and  in  cultivation. 

THS  GEOLOGICAL  STBUOTUBB. 

The  outcrops  of  rock  are  numerous  throughout  the  county.    It 
lies  just  at  the  edge  of  the  system  of  deeply  eroded  valleys  extend- 
ing westward  from  the  Mississippi.    To  the  east  of  it  are  the  deep 
ravines  which  cut  through  the  high  bluffs  at  the  base  of  which  the 
great  river  lies.    The  beds  of  these  ravines  gradually  rise  in  receding 
from  the  Mississippi,  and  it  is  in  Olmsted  county  that  they  rise  to  near 
the  surface  of  the  surrounding  country.     To  the  west  and  south- 
west of  the  county  lies  the  great  accumulation  of  drift  which  grQws 
deeper  and  deeper  as  one  passes  westward.    This  material  thins 
out  over  Olmsted.    In  the  southwest  comer  it  is  thick  enough  to 
conceal  entirely  the  rock-features  below.    Eastward  it  appears  only 
in  thin  ouiliers,  marking  the  ragged  edge  of  deposition,  or  in  patches 
and  masses  which  are  remnants  left  by  subsequent  erosion.     In  order 
to  see  to  the  best  advantage  the  changes  in  the  drift,  features  of  ero- 
sion, and  stratiflcation,  one  must  cross  the  county  obliquely.    There 
is  t  he  least  drift,  generally  speaking,  in  the  northeast  comer,  and 
the  most  in  the  southwest  corner.    On  the  other  hand,  the  southeast 
and  northwest  corners  are  much  alike  in  the  very  feature  in  which 
the  other  two  corners  differ.     In  a  rough  way  the  lines  of  change 
cross  the  county  diagonally  in  a  southeasterly  and  northwesterly 
direction.    This  is  due  to  two  facts  which  may  have  some  relation 
with  each  other.    In  the  first  place  the  Great  Biver  in  the  vicinity 
of  the  county  runs  in  a  generally  southeast  direction.    The  erosion- 
valleys  extending  from  it  would  tend  to  take  a  direction  perpendic* 
ular  to  it,  and  the  lines  of  equal  depth  of  erosion  would  tend  to  be 
parallel  to  it.     Again,  the  dip  of  the  rocks  in  this  county  is  slightly 
southwest.    The  edges  of  the  strata  as  presented  on  the  surface 
would  tend  to  be  in  lines  perpendicular  to  this  direction. 


loere  are  no  signs  oi  npiewonnj  apneaTai,  aepreBsiun  ur  uwis> 
obasges  in  the  relations  of  the  strata  to  eaah  other  in  this  coonty, 
as  in  the  whole  of  this  part  of  the  state  the  strata  are  confoimable. 
Tlie  peculiar  structore  of  the  blnfib  enables  one  to  trace  some  of 
the  strata  at  a  distance.  As  far  as  the  eye  can  follow  them  their 
planes  occupy  the  same  position  with  refer«ice  to  the  horizoD. 
The  only  exception  to  this  is  the  Cretaceous.  Its  rather  doubtful 
patches  in  the  county  lie  in  nearly  a  horizontal  plane,  and  aoross 
the  edges  of  the  strata  below. 

The  strata  of  the  rocks  other  than  Cretaceous  do  not  lie  in  a  hor* 
izontal  plane.  The  dip  is  very  slight,  and  in  this  county  is  toward 
the  southwest.  Toward  the  northwest  corner  the  Hue  of  dip  altera 
a  little,  and  is  more  southerly.  Comparison  of  altitudes  and  strata 
over  a  larger  portion  of  the  State  has  convinced  Mr.  W.  D.  Hurl- 
bnt  that  the  dip  here  is  10  feet  to  the  mile  southwest.  All  my  ob> 
servations  in  the  county  tended  to  prove  the  correctness  of  this 
estimate. 

The  stratigraphy  of  this  fine  county  is  easy  to  read  in  most  cases. 
The  form  of  the  bluffs,  the  line  of  springs  making  a  definite  part  of 
the  Trenton,  the  diSering  solubility  of  the  rook  and  the  consequent 
occurrence  of  sink  holes,  caves,  etc.,  in  one  formation  and  not  in 
another,  the  lithological  character  of  the  rocks  notably  distinct  in 
some  of  the  formations,  and  the  gradual  and  regular  dip  of  the 
strata,  which,  when  taken  with  the  erosion,  enables  one  to  predict 
with  much  certainty  the  rock  over  which  he  is  standing,  even 
when  it  is  hidden  from  view — all  these  enable  one  to  read  the 
atrati graphical  enigma  of  the  county  with  little  trouble.  In  this 
study  the  intimate  knowledge  of  the  county  possessed  by  Mr.  Hurl- 
but  assisted  me  greatly.  He  cheerfully  rendered  me  all  the  assist- 
ance in  his  power,  besides  hospitably  entertaining  me  at  his  house. 
The  stormy  weather  of  the  season  devoted  to  this  work  prevented 
me  from  visiting  all  of  the  county.  In  such  cases  the  details  of 
the  map  accompanying  this  report  were  put  in  by  Mr.  Hurlbat. 
You  yourself,  sir,  as  director  of  the  survey,  have  frequently  passed 
through  this  county,  and  your  observations  in  it  have  not  only  con- 
firmed many  of  my  own,  but  have  added  facts  which  escaped  my 
attention. 

I  will  here  embrace  the  opportunity  of  recommending  Olmsted 
county  aa  an  excellent  field  for  teaching  stratigraphy.  The  strata 
are  interesting,  the  characters  mentioned  above  make  the  reading 
of  them  easy,  the  scenery  is  unusually  attractive.  I  can  conceive 
of  no  better  spot  to  which  to  take  a  class  of  students  for  instruction 
in  geological  field-work. 
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The  formationB  found  in  the  ooanty  are  not  i^umerous.  The 
Potsdam  sandstone  is  said  to  be  found  in  the  beds  of  the  Znmbro 
and  Whitewater  rivers,  about  where  t  hey  leave  the  county.  It  has 
not  been  seen  by  me,  however,  and  the  sa  ndstone  is  probably  only 
one  of  the  lower  sandstone  layers  of  the  Lower  Magnesian.  The 
latter  formation,  the  St.  Peter  sandstone,  the  Trenton  limestone  and 
the  Galena,  are  found  here,  the  first  and  last  probably  only  repre- 
sented by  a  part  of  their  entire  thickness.  A  little  Cretaceous  was 
found. 

THB  LOWER  MAOKKSIAN  LIIOBSTONB. 

The  ABSA  of  this  formation  in  the  county  is  as  follows.  It  fol* 
lows  the  larger  streams,  beginning  on  them  when  well  in  the  coun- 
ty, and  broadening  out  until  it  leaves  the  county  with  them.  It 
appears  in  the  beds  of  tlie  branches  of  the  Zumbro  well  up  in  Roch- 
ester, Marion,  Haverhill  and  Cascade  townships.  Rochester  lies  on 
a  floor  formed  by  the  upper  surface  of  this  formation.  The  valley 
of  Rochester  city  is  entirely  shut  in  by  bluflis,  except  where  the 
Zumbro  passes  out  to  the  north  and  along  a  geological  valley,  now 
dry,  to  the  northwest.  This  lower  magnesian  valley  of  Rochester 
city  is  somewhat  crab-shaped,  and  is  formed  by  the  meeting  of  the 
various  streams  which  make  up  this  branch  of  the  Zumbro.  Cas- 
cade township  is  about  half  Lower  Magnesian,  the  remaining  sur- 
face being  occupied  by  spurs  and  islands  of  the  formations  above, 
one  of  these  islands  being  quite  large.  Oronoco  township  is  al- 
most exclusively  Lower  Magnesian.  Farmington  is  of  the  Lower 
Magnesian  floor,  except  the  southern  edge  and  some  outliers  of 
Trenton  and  St.  Peter.  .  In  New  Haven  the  middle  fork  of  the  Zum- 
bro soon  rises  to  the  Trenton,  while  the  north  fork  lies  on  the  Mag- 
nesian, until  it  passes  into  the  next  county  west.  A  large  portion 
of  Quincy  is  Lower  Magnesian,  as  is  a  little  of  the  northeast  of 
Viola.  An  arm  of  this  formation  appears  at  the  surface  in  the  bed 
of  the  river,  passing  nearly  through  Dover  from  east  to  west.  £1- 
mira  is  also  floored  with  Lower  Magnesian  for  the  most  part,  as  is 
a  small  portion  of  Orion.  The  village  of  Dover  lies  in  a  Lower 
Magnesian  valley,  something  like  that  of  Rochester  city.  The 
same  is  true  of  Chatfield.  Something  more  than  20  per  cent,  of  the 
county  has  a  floor  of  Lower  Magnesian. 

The  LUhologiccU  characters  of  the  formation  here  partake  of  its 

general  characters  in  Minnesota  as  described  by  the  Director  of  the 

.  Survey  in  his  First  Annual  Report  (for  1872,  pp.  81-88.)   It  varies 

fh>m  a  compact,  flne  magnesian  limestone  to  a  pure,  friable,  saocha- 
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rino  white  sandstone.  It  is  fireqaently  in  irregular  layers,  which 
are  not  continuoas  for  any  distance.  Sometimes  these  layers  are 
thin  and  continaoas ;  sometimes  they  are  thick  and  cleave  nata- 
rally  into  massive  blocks.  The  rock  is  often  brecciated,  occa- 
sionally massive.  Broken  cherty  layers,  irregular  silicioas  pockets, 
mottled  sandstone,  oolitic  limestone,  vesicular  limestone,  sparry 
cavities  of  considerable  size,  are  all  found  in  this  variable  yet  usu- 
ally easily  recognized  rock. 

This  rock  holds  its  form  well  and  thus  produces  characteristic 
swrface  features.  When  worn  deeply  into  by  erosion  it  presents  bold 
cliffs  and  craggy,  rounded  hills.  When  not  covered  thickly  by 
drift,  it  makes  a  poor  surface  for  agriculture,  as  may  be  seen  in 
some  parts  of  Oronoco.  It  is  nearly  barren,  and  is  covered  with 
scant  grass,  with  hazel  and  scrub  oak  (in  this  case  dwarf  Q^eT€ue 
macTocarpa)  or  with  small  paper  birch,  and  other  wood-growth  not 
large  enough  to  be  of  importance  economically.  When  this  floor  is 
covered  by  drift,  as  in  the  beautiful  prairie  township  of  Farming - 
ton,  the  soil  may  be  unsurpassed.  The  most  of  this  township  is  de- 
voted to  wheat,  and  at  the  proper  season  it  seems  to  be  one  contin- 
uous wheatfield. 

A  eeclion  of  this  formation  is  seen  at  Quincy  Mills.  It  is  de- 
scribed in  the  First  Annual  Report,  (for  1872)  p.  82,  and  need  not 
be  repeated.* 


*  iVb^.— As  the  report  for  1872  Is  entirely  oat  of  print,  the  section  at 
Quincy  Is  hereby  appended,  In  order  to  complete  the  geology  of  the  coanty. 
No.  1  of  this  section  Is  of  the  Shakopee  limestone,  and  No.  2  is  the  upper 
portion  of  the  Jordan  tiandstone. — N.  H.  W. 

Descending  Section  ai  Quincfft  Olmsted  County. 


No.  1.  Dolomltic  limestone;  qalte  arenaceoas,  fklllng  out  in  huge 
masses  which  are  rongh,  distorted  In  their  crude  bedding,  and 
unmanageable  as  a  quarry-  stone,  showing  much  calc-spar.  Lime- 
stone and  sandstone  are  mingled  with  occasional  strips  of  light- 
green  shale.  In  general  the  face  presents  the  appearance  of  an 
alternation  of  horizontal  layers  of  thin  and  more  shaly  beds,  with 
heavy,  coarse  and  rough  limestone  beds.  Some  green  shale  lay- 
ers alternate  with  dark,  umber-colored  (ochreona)  shale,  neither 
being  more  than  two  Inches  thick.  They  are  tortuous  and  not 
continuous.  This  phase  appears  like  the  tops  of  the  bluffs  at 
Winona,  but  Is  probably  at  a  considerably  higher  horizon 80  ft. 

No.  2.    Persistent,  white  sandstone,  or  granular  quartzlte,  seen....  10  ft. 


Total  exposure 


40  A. 
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The  following  section  was  taken  at  the  lime-kiln  of  James  Bar- 
nett,  on  section  8,  OronocOi  just  northeast  of  the  village : 

CalciferoQS  sanUstone,  much  broken,  in  thin  layers,  bolt 14  ft. 

Compact  little  broken  calciferons  sandstone,  light  bnfT V  ft. 

Sandstone  (mostly  saccharine)  in  layers 4  ft.  8  in. 

Alaminoas  limestone,  in  tbln  layers,  light  buff 1  ft.  7  in. 

Dark  sandstone  with  numerous  blue  spots 1  ft.  8  in. 

Arenaceous  vesicular  dolomite 8  ft.  6  in. 

Like  second  above 4  ft. 

Like  second  above,  but  more  irregularly  bedded 1ft. 

Vesicular,  sparry.  Irregularly  bedded  dolomite 4  ft. 

Total  as  HEtr  asseen 87  ft.  8  in. 

The  above  section  begins  at  the  top.  No  fossils  coald  be  foand. 
The  lowest  layer  (last  described)  is  employed  by  Mr.  Barnett  for 
making  lime.  The  lime  is  light  buff,  slow,  and  contains  considera- 
ble cement. 

This  lime  is  of  considerable  economiccU  value.  The  lime  of  Bilr- 
nett  is  good  notwithstanding  its  slowness,  and  the  cement  in  it  only 
increases  its  valne  for  many  purposes.  Mr.  Barnett  uses  12  cords 
,  of  wood  to  one  charge  of  his  kiln.  The  wood  costs  $2.00  per  cord. 
The  kiln  burns  three  days  and  affords  120  barrels  of  lime.  Mr. 
Barnett  says  that  the  lime  is  slow  in  slacking,  bat  that  it  sets  qaicklj . 

This  rock  does  not  furnish  much  good  building  material  in  this 
county.  It  is  not  of  even  bedding  and  hpmogeneoas,  texture  gen- 
erally. Pieces  are  sometimes  employed  at  Rochester  for  window-caps 
and  water-tables.  These  pieces  are  found  only  in  the  uppermost 
layers.    No  general  use  is  made  of  them. 

THE   ST.   PBTSR  8AHD8TONB. 

The  area  of  this  rock  is  difficult  to  represent  on  a  map.  It  is  so 
friable  that  it  will  not  endure  erosion  when  left  to  itself.  It  is  only 
when  it  is  capped  by  the  lower  layers  of  the  Trenton  that  it  suc- 
cessfully resists  the  attacks  of  water.  By  itself,  uncovered  by  other 
formations,  it  occupies  but  little  space.  It  Juts  out  beneath  the  cap 
of  limestone  only  a  few  feet  or  rods.  From  a  projecting  spur  of 
limestone  it  may  extend  farther,  as  is  illustrated  in  the  city  of 
Rochester.  A  spur  of  Trenton  comes  in  from  the  west  and  ends 
near  the  city  limits.  The  sandstone,  however,  can  be  struck  in 
sinking  wells  almost  anywhere  in  the  western  portion  of  the  city. 
Occasionally  where  erosion  was  incomplete  an  outlier  of  crumbling 
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sandBtone  can  be  seen,  not  capped  by  limestone.  Such  an  ontlier 
may  be  found  in  or  near  SW.  Farmington.  This  must  liappen  but 
rarely,  and  the  outliers  can  attain  but  small  size.  Streams  of  con- 
siderable size  usually  leap  from  the  Trenton  to  the  Lower  Magnesian, 
the  intervening  St.  Peter  sandstone  having  been  washed  completely 
away  at  an  early  period.  Sometimes,  however,  streams  of  small 
size  remain  in  a  bed  of  St.  Peter  sandstone,  in  which  case  the  val- 
ley is  sandy,  covered  with  small  oaks,  and  worth  little  for  agricul- 
ture.    This  is  seen  in  the  valleys  of  Bear  Creek  and  its  branches. 

The  surfane  features  caused  by  the  presence  of  this  sandstone  are 
interesting,  and  have  already  been  referred  to.  As  the  incoherency 
of  this  formation  deprives  it  of  the  power  of  resisting  erosive 
forces,  it  is  usually  carried  away  cleanly  wherever  exposed.  The 
consequence  is  a  precipitous  descent  from  the  Trenton  to  the  Lower 
Magnesian.  This  appears  in  lines  of  remarkable,  level  blujQTs.  The 
height  of  these  bluffs  is  usually  the  thickness  of  the  formation, 
with  fifteen  or  more  feet  of  limestone  on  the  top.  These  bluffs  are 
especially  noticeable  around  Rochester.  To  the  east  their  top  is 
reached  by  a  rugged  ascent,  to  the  west  by  gradual  dip  of  the 
strata.  The  erosive  forces  have  left  many  small  and  isolated  bluffs, 
which  can  be  properly  described  under  this  head,  though  the  lower 
layers  of  Trenton  limestone  assist  in  their  formation.  They  ap- 
pear as  rugged  mounds  rising  A*om  the  Magnesian  floor,  and  form 
a  striking  feature  in  the  aspect  of  the  neighborhood.  They  are 
most  abundant  in  southwest  Farmington  and  in  Elmira.  A  few 
are  seen  along  the  railroad.  Just  east  of  Rochester.  Perhaps  the 
most  remarkable  is  '^  sugar-loaf  mound,"  about  two  miles  east  of 
the  city  and  close  to  the  railroad.  Its  shape  and  relative  propor- 
tions are  those  of  a  sugar-loaf.  Another  remarkable  one  is  '^  Lone 
Mound,"  of  section  11,  Farmington.  It  is  about  three  miles  from 
the  line  of  blufib  south.  Two  or  three  miles  northwest  are  two 
similar  mounds,  called  *^Twin  Mounds."  They  are  in  Wabasha 
county. 

The  thickness  of  the  St.  Peter  was  ascertained  with  an  aneroid 
barometer,  near  Rochester.  The  upper  layers  of  the  Lower  Mag- 
nesian were  found  on  Bear  Creek,  near  the  woolen  mills.  The  up- 
per surface  of  the  St.  Peter  was  ascertained  as  careftally  as  might 
be  near  Whitcomb's  quarry,  and  near  Jenkins'  quarry.  Three  com- 
parisons were  made.  The  proper  allowance  having  been  made  for 
dip  and  atmospheric  change,  the  value  of  111  feet  was  obtained  for 
the  thickness  of  this  formation. 

The  Uthologieal  ehataxter  of  the  St.  Peter  is  uniform  and  simple. 
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It  is  a  rather  coarse,  white,  friable  sandstone,  pore  white,  exoept 
where  contaminated  by  foreign  substances  or  percolations  from  the 
formation  above.  It  contains  no  fossils  so  far  as  I  could  see  in 
this  county.  J 

This  formation  is  useful  in  several  ways.  When  with  a  tight, 
magnesian  floor,  it  holds  water,  and  furnishes  a  good  supply  to 
wells.  It  is  sometimes  excavated  where  it  comes  out  on  the  face  of 
a  bluff.  Excellent  cellars,  dry  and  of  uniform  temperature,  are 
thus  formed  which  are  used  especially  for  the  preservation  of  veg- 
etables. It  supplies  an  inexhaustible  amount  of  pure  white  sand, 
round-angular,  and  excellent  for  mortar  or  glass-making. 

THB  TBBNTON  LIMBSTONB, 

As  this  formation  lies  next  above  the  St.  Peter,  and  as  the  dip 
is  southwest,  we  should  expect  to  find  it  just  behind  the  sandstone. 
Such  is  the  case,  but  being  a  coherent  limestone  it  occupies  much 
more  area  than  the  St.  Peter.  It  covers  fully  one-half  of  the  coun^, 
stretching  in  a  broad,  interrupted  band  from  southeast  to  northwest. 
Its  outer  edge  is  the  labyrinthine,  interrupted  line  of  level,  peculiar 
bluffs  which  reach  in  their  serpentine  course  every  township  in  the 
county,  except  only  Rock  Dell  and  High  Forest.  The  southwestern 
or  upper  edge  of  its  outcrop  can  not  be  traced  so  minutely,  as  this 
formation  passes  insensibly  into  the  Galena  which  overlies  it.  The 
formation  covers  the  most  of  Kalmar,  Haverhill,  Viola  and  Eyota 
townships.  It  caps  also  mth  a  few  feet  of  limestone  the  most  of 
the  outliers  of  St.  Peter  already  mentioned. 

The  lUfiological  charactere  are  described  in  the  First  Annual  Re- 
port (already  referred  to)  and  need  not  be  repeated. 

In  general,  as  seen  in  this  county,  we  have,  below,  a  shaly  lime- 
stone, often  presenting  beds  of  blue  limestone  usefhl  for  building. 
This  is  more  or  less  interrupted  by  shale  and  averages  15  feet  thick. 
Above  this  is  a  bed  of  green  shale  more  or  less  interrupted  with 
limestone,  and  about  15  feet  thick  also.  Above  this  we  have  125 
feet  of  yellow,  or  gray,  harsh,  magnesian  limestone,  in  regular  beds 
of  varying  thickness.    In  deep  quarrying  this  rock  also  is  blue. 

Many  sections  of  this  rock  can  be  seen.  It  is  the  rock  most  gen- 
erally quarried.  Several  sections  for  Olmsted  county  are  given  on 
pp.  97-99  of  the  First  Annual  Report  of  the  survey  (for  1872.) 
The  characters  of  others  examined  by  me  were  uniform  with  those 
there  described. 

Many  fossils  are  found  in  these  beds.    Chaetetea  Lycoperdan  is 
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plentiftQ  in  the  green  shale.  Leptaenaj  OrthiSj  Strophomefka^ 
jtftifcftiaofiia,  Pleurotafnaria,  Orthooeras  are  common.  The  orth- 
oceratites  are  anusaally  large. 

This  stone  is  the  one  most  used  in  this  oounty  for  bnilding  pur- 
poses. The  stone  for  the  bnildings  about  Rochester  were  for  the 
most  part  taken  from  the  Trenton  Quarries  near  by.  The  quarry  of 
W.  Jenkins,  just  within  the  city  limits,  furnishes  a  large  proportion 
of  this  stone. 

It  has  been  suggested  that  the  clay  of  the  green  shale  would  make 
good  brick  or  pottery.  The  grain  is  very  fine,  but  the  presence  of 
small,  calcareous  fossils  injures  it  for  these  purposes.  A  pottery 
factory,  in  which  this  clay  was  employed,  started  some  years  ago, 
had  to  be  abandoned  on  this  account. 

THB  GALENA   LDOCSTONB. 

The  area  of  this  formation  in  the  county  is  much  less  than  that 
of  the  Trenton.  It  is  found  only  in  the  southwestern  part  of  the 
oounty,  and  covers  rather  less  than  20  per  cent,  of  the  whole  area. 
Byron,  in  Kalmar,  is  located  on  this  rock.  It  underlies  nearly  all 
of  Salem  and  High  Forest,  and  considerable  parts  of  Bock  Dell, 
Bochester  and  Pleasant  Grove.  It  extends  into  Marion  and  Orion, 
and  Mr.  Hurlbut  tells  me  tliat  a  small  scalp  of  it  may  yet  be  found 
in  the  western  part  of  Eyota  township.  The  lower  and  upper  edges 
of  its  outcrop  can  not  be  accurately  traced.  In  the  case  of  the 
lower  edge  it  is  for  the  reason  already  mentioned,  viz. :  the  Tren- 
ton and  Galena  blend  gradually.  The  upper  edge  cannot  be  traced 
because  it  is  completely  concealed  by  drift. 

In  lUhological  character y  as  seen  here,  this  rock  is  a  heavily  bedded, 
buff  dolomite,  fine  grained,  or  coarse  and  porous.  It  contains  often 
small  pieces  of  iron  pyrites,  which,  by  weathering,  give  it  ferrugin- 
ous stains.  Lead  has  not  been  found  in  place  in  the  rock,  but  far- 
mers sometimes  find  it  isolated  on  the  surface,  evidently  left  behind 
when  the  rest  of  the  rock  material  was  weathered  away.  It  often 
contains  crystals  of  spar ;  sometimes  irregular  cavities  are  found. 
Under  the  influence  of  the  weather  the  rock  is  seen  to  vary  in  solu- 
bility. The  result  is  frequently  sink-holes  of  varying  dimensions 
Such  holes,  a  few  feet  deep,  are  common  on  the  bluffs  of  this  form- 
ation, and  I  was  informed  by  Mr.  Hurlbut  of  an  extensive  one  on 
the  bluff  near  Garrick's  quarry,  the  bottom  of  which  has  never  been 
reached.  Another  result  of  this  unequal  weathering  is  the  craggy 
appearance  of  the  blufl^  formed  by  the  G«lena. 

This  limestone  is  well  displayed  in  this  county  at  Garrick's  quarry, 
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Sec.  17,  Rochester  township.  The  floor  of  this  quarry  is  aboat  80 
feet  above  the  Trenton.  To  the  top  of  the  qaarry  is  about  35  feet. 
The  rock  is  a  sparry,  magnesian  and  more  or  less  arenaceous  lime* 
stone.  It  is  in  beds  one  to  three  feet  thick,  separated  by  very  thin 
layers  of  light  blue  shale.  The  beds  are  massive  and  yellowish, 
somewhat  stained  with  iron,  arising  Arom  the  decay  of  iron  pyrites. 
The  upper  portions  are  most  arenaceous  and  fossiliferous.  In  the 
crevices  is  found  abundance  of  satin  spar,  and  in  the  largest  ones 
stalactites  may  be  found. 

R.  Williams'  quarry,  on  the  north  bank  of  Root  river.  Sec.  31, 
High  Forest  township,  is  in  this  formation.  This  rock  is  exposed 
for  25  feet,  and  is  dolomitic,  more  or  less  concretionary,  with  small, 
spar-lined  cavities.  It  is  sparingly  fossiliferous.  The  upper  six 
feet  are  much  broken  up.  The  remainder  is  compact  and  unevenly 
bedded.  The  concretionary  structure  is  not  visible  on  fresh  sur- 
faces. It  is  brought  out  by  weathering  and  especially  by  burning, 
and  then  appears  in  the  form  of  fine  rusty  lines. 

On  the  left  bank  of  the  same  stream,  about  one  mile  west  of 
Williams'  quarry,  is  an  exposure  of  yellow  thin-bedded,  broken, 
uneven,  dolomitic  limestone,  of  which  only  8  or  ten  feet  are  visible. 
I  found  no  fossils,  but  was  sure,  from  the  lithological  characters, 
that  the  rock  is  Galena. 

The  same  rock  is  well  exposed  in  the  ravines  of  Salem  and  Rock 
Dell,  where  it  is  quarried  to  some  extent  for  building. 

As  to  economical  value,  this  formation  produces  the  best  building 
stone  found  in  the  State.  It  is  much  used  in  Rochester,  but  has 
been  mostly  derived  from  Mantorville,  in  Dodge  county.  It  will  be 
(tirther  described  under  that  head.  At  Russell  Williams'  quarry, 
near  High  Forest,  it  is  burned  for  lime.  There  are  five  kilns  at  this 
place.  Each  kiln  takes  12  cords  of  wood  for  one  charge  of  stone. 
The  wood  has  to  be  brought  from  a  distance,  and  costs  at  the  kiln 
$6.00  per  cord.  Three  hundred  barrels  of  lime  are  burned  in  a  kiln. 
The  lime  is  white  and  fine,  and  has  the  best  reputation  of  any  lime 
hereabouts.    It  sells  at  $1.00  per  barrel. 

THB  OBXTAOBOUS. 

A  carefhl  search  along  Root  River  and  elsewhere  in  the  south* 
west  comer  of  the  county,  failed  to  afford  me  the  slightest  trace  of 
the  Maquoketa  shales,  which  would  be  naturally  expected  overlying 
the  Galena.  An  outcrop  was  found  a  few  rods  west  of  P.  Brewer's 
residence,  in  the  southwest  quarter  of  section  85,  of  Rock  Dell 
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township,  on  the  north  bank  of  Boot  River,  the  character  of  which 
is  donbtftil.  The  formations  in  the  adjoining  coanties,  and  the 
lithological  character,  indicate  the  probability  of  its  being  Creta- 
ceous, and  it  is  thns  marked  on  the  accompanying  map.  The  expo- 
sure is  along  a  road-track  going  down  to  a  ford  of  the  stream,  and 
was  partially  covered  with  soil  and  overgrown  by  bashes.  The  fol- 
lowing is  the  section  from  below  upwards : 

Compact,  blnelsh  limestone • S    feet. 

Indarated,  arenaceons,  yellowish  shale 1   foot. 

Yellow  sandstone,  in  broken  layers 1   foot. 

Light  blue  clay i  foot. 

Reddish,  broken  sandstone li  feet. 

Light  blue  clay }  fbot. 

Sandstone . . : 1    foot. 

Sandy,  bluish  clay i  foot. 

Total  seen  distinctly 7i  feet. 

The  same  arrangement  of  alternating  sandstone  and  clay  could 
be  traced  indistinctly  four  or  five  feet  farther  up. 

Three  rods  farther  down  the  river  is  a  compact  limestone,  sili- 
ceous, not  dolomitic,  non-fossiliferous,  much  broken  by  frost.  The 
line  of  meeting  of  this  with  the  preceding  was  concealed  by  soil 
and  overgrowing  plants. 

The  first  described  is  in  all  probability  Cretaceous ;  the  second  I 
am  unable  to  refer  to  any  formation  with  certainty.  Perhaps  it  is 
Cretaceous,  perhaps  Niagara. 

A  scalp  of  Cretaceous,  containing  fossils  in  abundance,  is  said  to 
have  been  found  in  the  western  part  of  Eyota  township.  It  was  of 
very  limited  extent. 

THE  DRIFT* 

This  covers  much  of  the  county.  It  thins  out  toward  the  north- 
east. It  is  of  considerable  thickness  in  the  southwest.  Its  edge  is 
ragged  and  shows  extensions,  which,  however,  are  not  in  conforma- 
tion with  the  present  drainage  system.  It  consists  of  blue  clay, 
washed  or  yellow  clay,  stratified  gravel  and  sand,  and  boulders. 

The  blue  clay  is  by  no  means  continuous.  It  is  found  in  limited 
areas,  and  bands  in  various  parts  of  the  county.  Sometimes  it  forms 
distinct  ridges,  as  in  western  Bochester  city  and  in  the  valley  di- 
rectly east  of  Bochester.    In  such  cases  it  usually  abuts  on  a  bluff. 

The  washed  clay,  as  its  name  indicates,  has  been  worked  over  by 
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water  since  its  deposition  in  the  drift.  It  occapies  low  pond-like 
spots,  or  abats  on  the  bluffo.  It  is  usaally  ot  a  aniform  reddish- 
yellow  color  and  guite  arenaceous.  Sometimes  it  is  in  colored 
layers  of  red,  yellow  and  green.  In  this  case  its  derivation  is 
probably  from  the  green  shale  of  the  Trenton  as  well  as  from  the 
drift.    The  washed  clay  is  used  for  bricks. 

The  exposures  of  sand  and  gravel  are  not  extensive  in  the  parts 
of  the  county  examined  by  me.  Where  seen  they  exhibit  the  usual 
characters.  The  boulders  are  entirely  absent  in  most  p  arts  of  the 
county.  In  many  scattered  localities,  again,  they  are  abundant ; 
and  in  the  southwest  comer  of  the  county  they  are  often  found  of 
great  size. 

The  following  table  of  wells  will  be  useful  for  an  analysis  of  the 
drift.  The  facts  were  fhrnished  by  0.  Sprague,  practical  well- 
digger.  Mr.  Sprague  is  an  observing  man,  and  has  probably  dug 
more  wells  than  any  one  else  in  the  county : 

JffeUa  in   Olmsted  CoutUy. 

m 

O.  8PBAOUB. 


Owner. 

DSPTH 
DfVSKT 

Water. 

Location. 

• 

98 

20 
11 
44 

26 
40 
26 
12 
26 
40 

do 

27 
26 
96 
67 
89 
61 
91 
20 
30 
86 
26 
30 
80 
40 
18 
44 

• 

1 

31 
24 

•  ■ 

•  • 

10 
60 

40 
60 

• 

3 
& 

63 
44 
11 
44 

36 
90 
26 
12 
26 
40 
36 
87 
96 
26 
73 
32 
61 
21 
60 
80 
26 
26 
30 
30 
40 
18 
94 

Remarks. 

86.  Farmington  ... 
36.  Farmington.... 
86.  Farmington.... 
26.  Farmington.... 

90.  HaverhiU 

9.  Haverhill 

38.  Haverhill 

11.  HaverhiU 

14   Salem....  ••••.. 

C.  B.  Stacy. 
W.  H.  White. 
B.  Raymond. 
W.  Searles. 

J.  P.  Simonds. 
P.  H.McGtovem. 
J.  B.  Brown. 

B.  F.  Bnlen. 
Z.  Holt. 

J.  D.  Fuller. 
J.  P.  Fosdick. 
Ole  Severson. 

C.  Peterson. 
Nils  Jacobson. 
T.Thomson 

Good. 
Good. 
Good. 
Good. 

Soft. 

Good. 

Good. 

Plenty. 

Good. 

Good. 

Soft. 

Good. 

Good. 

Good. 

Good 

Good. 

Good. 

Good. 

Good. 

Plenty 

Plenty. 

Plentyt 

Plenty. 

Plenty. 

Plenty. 
Plenty. 
Plenty. 

• 

6  feet  black  soU;  then  reached  clay. 

Yellow  clay  and  bine  rock. 

Bine  day. 

14  feet  black  heavy  soU;  remainder 

bine  clay. 
86  feet  sand;  10  feet  hard  sand  rock. 
Red,  hard  drift. 
4-6  feet  soil,  then  sand. 
Red,  hard  drift. 
Sand  aU  the  way. 
Sand  all  the  way. 
White,  hard  rock. 
Sand. 

14.  Salem 

26.  Salem 

21.  Salem .......... 

16.  Salem 

Sand. 

16.  Salem 

Sand,  foot  of  blnff. 

16.  Salem. 

RaH.  hn.rd  drift?  vrhft*  llniAaftAnii. 

28.  Salem 

20  feet  bine  clay. 

48  feet  bine  clay. 

16  feet  bine  clay. 

Bandy,  red  clay. 

96  feet  bine  day. 

Sand. 

Sand. 

Red,  sandy  clay. 

Red,  sandy  day. 

Sand. 

Sand. 

80.  Pleasant  Grove. 
29.  Pleasant  Grove. 
26*  Pleasant  Grove. 

11.  Cascade 

17.  Cascade 

17.  Cascade 

16.  Cascade       .  .. 

16.  Cascade 

16.  Rochester 

2.  Rochester 

6.  Viola 

Fred.  Sibeck. 
J,  Collins. 
D.  W.  Hymes. 
T.  0.  Cnmings. 
J.  H.  Hodgman. 
B.  Babcock. 
P.  Boardman. 
J.  Gardner. 
I.  M.  Westfkll. 
W.L.Brackenridg 
D.  D.  Whipple. 

Cedar  logs  at  considerable  depths  in  the  drift  are  found  but  rare- 
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ly.  Mr.  Spragoe  says  they  are  always  under  the  blue  clay.  Rot- 
ten wood  is  occasionally  found  in  the  blue  clay. 

It  is  a  striking  fact,  often  mentioned,  that  water  is  often  found 
on  the  blufb  at  a  much  less  depth  than  at  their  base.  The  geology 
ical  formation  satisfactorily  accounts  for  this. 

Brick  are  made  at  many  places  in  the  county.  Oronoco,  Eyota, 
Pleasant  Grove  and  Byron  fhrnish  brick.  The  most  of  them  are 
made  at  Rochester.  E.  P.  Brown  burns  850,000  a  year.  Whit- 
comb  Bros,  bum,  as  they  tell  me,  1,200,000  brick  per  year,  in  five 
or  six  kilns.  The  brick  here  and  at  Brown's  are  machine  made. 
y.  Whitcomb  has  a  small  brickyard  near  that  of  Whitcomb  Bros. 
In  all  cases  coming  under  my  observation  the  brick  are  made  ftom 
the  washed  clay.  This  is  in  beds  from  two  feet  to  ten  or  twelve 
feet  or  more.  Although  this  material  is  sandy,  more  sand  is  usu- 
ally put  in  in  making  the  brick,  which  are  consequently  tender, 
and  of  poor  quality.    The  brick  vitrify  but  little  when  burned. 

'So  peat  was  observed  in  the  county.  In  some  lowlands  *whe  turf 
is  thick  and  comparatively  f^ee  fi*om  inorganic  matter.  This  will 
burn  and  produce  some  heat,  but  it  is  much  inferior  to  proper  peat. 
I  saw  no  peat-bogs  nor  any  extensive  accumulations  of  peat-pro- 
ducing plants  of  any  kind  in  the  county. 

Gold  has  been  found  in  the  drift  along  the  Zumbro  from  Roches- 
ter and  Oronoco  down  to  the  Wabasha  border  and  beyond.  It  is 
found  only  on  the  Lower  Magnesian.  Murchison  calls  attention  to 
this  fact  as  generally  true.  It  is  found  in  the  drift  about  the  stream, 
but  mostly  in  the  bed  of  the  stream  or  in  material  worked  over  by 
it  at  a  comparatively  recent  date.  In  the  same  alluvial  material  is 
found  a  small  amount  of  black  sand,  of  a  specific  gravity  approach- 
ing that  of  gold.  When  the  gold  is  obtained  by  washing,  after  all 
the  other  materials  are  washed  away  this  heavy  black  sand  remains, 
and  the  minute  fi*agmcnts  of  gold  are  picked  out  from  it.  It  is 
therefore  here  called  the  "  mother  of  gold,"  and  the  two  are  thought 
to  be  always  together,  a  conclusion  which  need  not  necessarily 

follow. 

The  gold  is  in  minute,  angular  firagments.  The  quantity  is  so 
small  that  it  does  not  pay  to  work  it  by  the  ordinary  method  of 
hand-washing.  Washing  on  a  more  extensive  scale  might  be  made 
to  pay.  It  has  been  tried  two  or  three  times,  but  never  under  fa- 
vorable circumstances,  or  for  periods  of  any  length.  It  remains 
yet  to  be  seen  whether  it  will  pay  or  not. 

It  may  be  worth  while  just  here  to  call  attention  to  the  fact  that 
gold  is  firequently  found  under  these  circumstances.    It  has  been 
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found  over  extensive  regions  in  Canada,  where  attempts  at  obtain- 
ing it  on  a  large  scale  have  always  failed  to  pay.  I  have  heard  of 
it  in  Vermont,  Ohio,  Wisconsin  and  Iowa.  The  Director  of  the 
geological  survey  reports  it  from  sevl^ral  places  in  Minnesota  be- 
sides this,  i.  e.,  in  Fillmore  county,  at  Jordan,  in  Scott  county,  etc., 
etc.  From  all  these  facts  the  conclusion  may  be  drawn  that  the 
prospects  of  its  paying  in  Olmsted  county  are  not  good. 
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DODGE   COUNTY. 


BT  M.   W.  HABBINOTON. 


This  county  lies  immediately  west  of  Olmsted  coanty.  Its  form 
is  that  of  a  rectangle.  It  is  a  small  coanty,  having  foar  townships 
in  a  north  and  south  direction,  and  three  in  an  east  and  west.  Its 
area  is  as  follows.  This  table  is  taken  firom  the  office  of  the  State 
Auditor,  Hon.  O.  P.  Whitoomb : 

ABXA  OF  DOnOB  OOUNTT. 


Name  of  Township. 


Vernon 

Canisteo .  • . 
Mantonriile 

Milton 

Hayfleld.  .. 
Ashland.... 
Wasioja. ... 
Concord. . . . 
Westfleld... 

Ripley 

Claremont. . 
Ellington. . . 


Township. 

Bange 

106 

16 

106 

16 

107 

16 

108 

16 

105 

17 

106 

17 

107 

17 

108 

17 

106 

18 

106 

18 

107 

18 

108 

18 

ABBA  IN  TOWNSHIP. 


Acres. 


28,057.89 
28,111*68 
28,064.88 
22,964.09 
24,128.22 
24,128.40 
24,081.86 
24,288.99 
28.080.88 
28,008.72 
22,898.42 
22,950.72 


The  total  area  is  280,688.90  acres,  or  nearly  488}  square  miles. 

In  addition  to  this,  Rice  Lake  covers  61  acres  in  this  county. 

DrcUnage, — ^The  water  flows,  for  the  most  part,  to  the  east  and 

northeast  by  means  of  the  branches  of  Zumbro  River.     The  largest 
13 
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of  these  branches  is  the  South  Branch  of  the  Middle  Fork  of  the 
Zombro,  which  rises  in  Rice  Lake,  on  the  western  border  of  the 
county,  and  flows  eastward  through  nearly  the  central  portion. 
The  north  branch  of  the  same  stream  has  its  source  in  the  wet 
prairies  in  the  northwest  corner  of  the  county  and  flows  nearly 
eastward  also.  The  south  fork  of  the  Zumbro  reaches  this  county 
by  two  small  branches  which  have  their  sources  in  the  southeastern 
part.  Cedar  River  enters  near  the  bouthwestern  angle  of  the  coun- 
ty. It  drains  Westfield  and  a  part  of  Hayfield.  The  fall  of  the 
streams  is  inconsiderable  in  all  parts  of  the  county,  but  is  greater 
in  the  northern  part  of  the  county  than  in  the  southern. 

Rice  Lake  lies  partly  in  this  county,  partly  in  the  county  next 
west. 

Water  Powers. — ^Two  streams  only  fdrnish  them  in  this  county. 
These  are  two  branches  of  the  Zumbro,  both  branches  of  middle 
fork.    The  following  is  the  list  of  these  powers : 


MUls. 


Waeioja 

Blake's 

MantorvlUe.. 

Rockton 

Agawam 

Eagle  Valley. 
Bnchanan  . . . 
Milton 


Owner. 


A.  Mason  &  Son . . 
J.D.Blake 

Adams  &  Kneeland 

John  Bradford 

Chase  &  Swarlngan 

J.  Gordon 

Widow  Irish 

James  Blias 


Loeation. 


Wasioja  Village 
Sec.  13,  Wasioja 

MaatorriUe  Vill 

21,  MantorrlUe. 
13,  Mantorville. 
15,  Concord  ... 
Bnchanan  VIU.* 
9,Milton 


Stream. 


Middle  Fork. 
Middle  Fork. 

Middle  Fork. 

Middle  Fork. 
Middle  Fork. 
North  Fork.. 
North  Fork. . 
North  Fork.. 


'a«j 

a 

fi  • 

a  S 

4 

9 

12 

4 

J10» 
■    7 

3 

8 

a 

19 

2 

12 

2 

10 

■  •  •  • 

8 

2 

Kind  of 
Mm. 


Cns.  A  floor. 
Flouring. 

Custom. 

Cns.  A  flour. 
Flouring. 
Custom. 
Saw  mill. 
Custom. 


Of  the  above  mills  that  at  Mantorville  has  two  powers,  one  about 
110  rods  below  the  other.  Agawam  Mills  is  the  latest  name  for 
what  has  been  called  Dodge  Ck>unty  Mills  and  Bunker's  Mill.  An 
unimproved  mill-privilege  was  found  at  Concord.  The  Middle 
Fork  of  the  Zumbro  rises  in  Rice  Lake.  This  lake  also  has  a  nat- 
ural outlet  toward  Straight  River  on  the  west. 

In  order  to  give  the  mills  just  enumerated  on  the  Middle  Fork 
as  much  water  as  possible  the  western  outlet  to  the  lake  has  been 
cut  off.  Yet  for  three  or  four  months  in  the  winter  of  1874-5  the 
mills  had  no  water.  Some  years,  however^  they  continue  to  have 
water  the  year  through.  The  water  in  the  North  Branch  is  even 
more  unreliable  than  this. 

The  surface  is  but  little  diversified.  The  southern  and  south- 
western part  of  the  county  is  prairie-land.  In  the  northeastern 
portion  bluffs  of  some  hight  are  found  along  the  streams.  The 
southwestern  part  of  the  county  is  marshy  and  thinly  settled.  The 
region  around  Rice  Lake  is  also  low  and  marshy. 
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The  plats  of  the  goTernment  saryeys  were  examined  in  the  oflSce 
of  the  county  register  and  the  following  notes  were  made : 

Vernon  (105,  16)  contains  considerable  grab-land  and  a  small 
thicket.  The  remainder  is  all  prairie.  The  magnetic  variation  is 
flrom  ^^  20'  to  90  06^ 

CaniBteo. — (1 06,  16.)  A  few  acres  of  marsh  and  a  small  pond  are 
found  in  this  township.  About  two-ninths  of  the  township  is  set 
down  as  brush  land.  The  remainder  is  prairie.  Magnetic  yaria- 
tion,  9P  26'  to  9°  0'.  • 

MarUorviOe. — (107,  16.)  This  township  has  a  small  marsh  laid 
down  about  40  acres  in  extent.  A  considerable  portion  of  the 
township  is  pretty  heavily  wooded,  especially  along  the  streams. 
Magnetic  variation,  7®  24'  to  9M0'. 

MiUon, — (108, 16.)  A  small  marsh  of  25  acres  is  platted.  The 
northern  halC  is  mostly  wooded.  The  southeastern  part  is  wooded, 
and  isolated  groves  are  found  on  the  remainder.  On  the  portions 
marked  prairie  are  often  found  notes  of  ^'  barren  thickets,"  ^*  bar- 
rens," ^'  scattering  timber,"  dec.  Magnetic  variation,  6*^  45'  to 
10^0'. 

Hayfidd. — (105, 17.)  It  is  but  little  wooded,  only  about  16  per 
cent.  The  remainder  is  prairie.     Magnetic  variation,  7^  40'  to  ^  55'. 

Ashland. — (106,  17.)  A  pond  of  about  10  acres  is  found  on  the 
eastern  line  of  section  25.  About  one-ninth  of  the  township  is 
wooded.    Magnetic  variation,  7^  55'  to  8^  50'. 

Wasioja, — (107,  17.)  A  small  marsh  of  about  160  acres  is  laid 
down  in  sections  8  and  9  ;  also  a  patch  of  wet  land  of  240  acres  in 
the  western  part  of  the  township.  Wood  follows  the  main  stream, 
and  a  few  scattering  patches  are  found  elsewhere.  The  remainder 
is  prairie.    Magnetic  variation,  7^  22'  to  8^  SO'. 

Concord, — (108,  17.)  Eight  small  marshes  varying  fhim  8  to  40 
acres  are  platted.  Some  woods  but  mostly  open.  Magnetic  va- 
riation, 6°  25'  to  8°  47'. 

Westjidd. — (105,  18.)     Three  marshes  from  50  to  320  acres  each 
are  recorded.     A  little  wooded  land  is  also  present.      The  remainder  , 
is  prairie.    Magnetic  variation,  7^  24'  to  8^  19'. 

Ripley. — (106,  18.)  A  stream  terminates  in  a  marsh  of  100 
acres  in  section  4.  The  same  is  true  of  a  long  one  near  the  north- 
east comer.  In  addition  to  these  15  marshes  are  laid  down.  They 
vary  from  10  to  320  acres.  Some  wood  is  found  but  the  township 
is  mostly  prahrie.  The  magnetic  variation  v'aries  from  7^  10'  to 
8*  16'. 

CUxremoni. — (107, 18.)      Besides  the  marsh  around  Bice  Lake, 
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there  are  8  small  marsheB  varying  fi'om  5  to  60  acres.  A  band  of 
wood  mns  through  the  township  diagonally  from  the  northwest, 
and  two  or  three  other  small  patches  of  wood  are  laid  down.  The 
magnetic  variation  varies  fh>m  7^  5'  to  8^  15'. 

EUingUm, — (108,  18.)*  A  good  many  patches  of  marsh  and 
wooded  land  are  scattered  over  the  township.  Magnetic  variation, 
60  48'  to  7°  56'. 

TIMBER. 

Heavy  timber  is  found  here  as  elsewhere  in  this  part  of  the 
State  along  the  streams.  The  list  of  plants  would  be  nearly 
identical  with  that  of  Olmsted  county.  I  will,  therefore,  give  two 
lists,  viz. :  1. — ^The  plants  seen  in  Dodge  and  not  in  Olmsted  coun- 
ty.   2. — ^Plants  seen  in  Olmsted  and  not  in  Dodge  county. 

1.  Woody  plants  seen  in  Dodge  but  not  in  Olmsted  county : 

Moonseed.    {MenUpermum  Canadenae.    L.) 

Jersey  Tea.    (Ceanothus  Amerimnru.   L.) 

Hawthorn.    (Crataegus  coccinea.   L.) 

Hawthorn.    (Or.  Orus-gaUL  L.) 

Wild  Gooseberry.    (Bibea  Cynoabati,  L.) 

Large-leaved  Dogwood.  (Comua  cireinaia,  UHer.)  Found  in  cold  woods 
and  blufb. 

Green  Ash.    (Fraasinus  viridis,  Michx.) 

Sugarberry.     CeltU  occidentalU.  L.) 

Hop  Horn-Beam.    (^Ostrya  Virginica.  Willd.')    ^ 

Yellow  Birch.    {Betula  excelaa.  Ait ) 

White  Pine.  (Pintu  Strobus,  L.)  A  few  straggling  specimens  were  seen 
in  Olmsted  county.    There  is  a  grove  of  the  trees  near  Mantorville. 

Balsam  Fir.    [Abiea  balsamea,  Marikdll.)    With  the  preceding. 

Common  Juniper.    (^Juniperus  eommunia,  L.) 

Red  Cedar.    {J.  Viginiana.  L,) 

2.  Plants  found  in  Olmsted  but  not  in  Dodge  county  : 

Poison  Ivy.    {Bhus  Toxicodendron,  £.) 
Corky  Elm.    ( Ulmu8  recemoaa,  Tliomas.) 
Hoaiy  Alder.    QAlnusincana    WiUd.) 

It  does  not  follow,  by  any  means^  that  because  I  did  not  find  the 
plants  given  above  from  one  county  in  the  other,  they  do  not  grow 
there.  These  lists  are  the  results  of  observations  hastily  made  as 
I  drove  through  the  counties.  Many  woody  plants  undoubtedly 
escaped  me. 
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OB0L06I0AL  STRUOTUBB. 

The  outcrops  of  rock  in  this  county  are  confined  to  the  northeast 
portion.  Canisteo,  Mantorville,  Milton,  Concord  and  Wasioja  town- 
ships include  them  all.  Over  the  remaining  seven  townships  the 
drift  conceals  every  feature  of  the  rock  below.  All  the  evidence 
that  there  is  indicates  that  to  some  extent,  at  least,  the  rock  so 
covered  is  Cretaceous,  but  I  know  of  no  facts  of  observation  to 
demonstrate  this. 

The  lowest  formation  found  in  the  county  is  that  of  the  Shakopee 
Limestone.  This  rock  is  known  to  enter  the  county  firom  Olmsted, 
along  the  north  branch  of  the  Middle  Fork  of  the  Zumbro.  For  a 
distance  of  about  2^  miles  into  the  county  is  found  the  characteris- 
tic arrangement  of  bluffs  surrounding  a  level  valley.  These  blufb 
are  usually  abrupt  and  approach  much  nearer  to  the  north  river 
bank  than  to  the  bank  on  the  south.  In  several  places  in  the  bluffs 
the  St.  Peter  Sandstone  was  actually  observed.  So  that,  though  no 
Shakopee  rock  was  actually  seen  within  the  limits  of  the  county, 
the  conclusion  is  a  safe  one  that  it  does  actually  form  the  floor  of 
the  valley  designated  on  the  accompanying  map. 

Surrounding  this  valley  is  the  bluffy  outcrop  of  the  St.  Peter 
Sandstone.  The  structure  of  the  blufb  gives  a  sure  indication  of 
its  presence.  Besides,  as  noted  above,  the  rock  was  actually  seen 
in  several  places.  It  was  sometimes  thrown  out  in  digging  wells, 
and  occasionally  appeared  at  the  side  or  in  the  bed  of  the  road.  It 
preserved  its  characteristic  lithological  character  of  a  white,  triable 
sandstone,  growing  reddish  and  attaining  more  consistency  when 
exposed  to  the  air. 

The  remaining  exposures  o^rock  along  this  stream  are  Trenton 
Limestone.  In  descending  the  stream  everything  is  covered  by 
drift  until  we  reach  the  vicinity  of  Eagle  Valley  Mills,  section  15, 
of  the  township  of  Concord.  Near  here  a  rock,  in  rather  thin  layers, 
is  quarried.  The  quarries  are  on  the  surface,  and  no  good  exposure 
of  the  rock  is  found.  It  is,  however,  without  doubt,  Trenton  stone. 
Two  miles  farther  down  the  stream  is  a  quarry  on  the  south  bank, 
at  the  village  of  Concord,  (N.  W.  comer  of  sec.  28.)  Here  is  a 
pretty  good  exposure  with  the  rock  as  follows,  beginning  above : 
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4  ft.  black  loam  and  reddish  clay. 
2i  ft.  rubble  stone. 

8  ft.  of  dolomitic  rock,  yellow,  with  fine  reddish  lines;  layers  broken  8-6 
in.  thick. 

4- 

8  A.  of  bluish  stone,  less  dolomitic,  in  even  beds  1-2  ft.  thick. 
1  A.  of  bluish  stone,  not  dolomitic  in  thin  layers. 
Si  A.  of  heavy  layers  of  bluish  stone,  not  dolomitic. 

17  A.  total  exposure. 

Below  this  la  a  compact  limestone,  not  well  exposed.  It  is  not 
dolomitic  and  is  good  for  burning. 

At  the  sawmill  near  the  middle  of  sec.  17,  of  Milton,  the  road 
passes  around  an  exposure  of  rock.  Here  are  about  10  feet  of  sbaly 
limestone  and  blue  clay.  A  fine  specimen  of  RecepkumUtea  lay  in 
the  wheel-track  of  the  road,  and  had  been  considerably  marred. 
Many  other  incomplete  specimens  were  found. 

An  eighth  of  a  mile  below  this  saw  mill,  (still  in  sec.  1 7  of  Milton,) 
is  an  irregular  bluff  on  the  south  side  of  the  stream.  It  is  concealed 
by  debris,  bushes,  etc. ,  and  not  very  accessible.  The  following  meas- 
urements and  observations  were  obtained  with  as  much  accuracy  as 
circumstances  would  admit.    They  are  taken  from  above : 

10  A.  of  yellowish  limestone  in  thin  layers. 

1  A.  of  compact  aluminous  layers  in  2  or  8  layers.  ^ 

15  A.  of  shale,  limestone  and  blue  clay  in  alternate  layers,  usually  thin. 

Below,  passing  under  the  debris  and  probably  occupying  the 
present  river-bed  is  a  thick  stratum  of  compact  limestone,  with  a 
depth  of  upwards  of  20  feet.  BeceafaeulUea  are  abundant  in  the 
rock. 

As  might  be  anticipated  from  the  structure  of  the  rock,  living 
springs  are  abundant  along  these  bluffs.  One  very  fine  one,  the 
size  of  one's  arm,  pours  out  from  the  rock  just  above  the  sawmill,  at 
a  distance  of  20  feet  above  the  water  of  the  stream.  Here  these 
springs  are  almost  equal  in  numbers  in  bluffs  facing  north  or  south, 
betraying  the  absence  of  dip  at  this  point  in  either  of  those  direc- 
tions. 

Other  small  exposures  of  Trenton  rock  were  seen  in  the  road  in 
several  places  within  the  Trenton  area  as  marked  on  the  accompa- 
nying map,  as  at  sections  19  and  80  of  Milton  township,  and  in 
sections  12,  18  and  14  of  Mantorville.  The  lower  parts  of  the  ex- 
posures at  Mantorville  and  Wasioja  are,  in  all  probability,  Tren- 
ton, but  as  it  is  impracticable  to  tell  where  this  rook  begins,  and 
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the  rook  above  ceasee,  these  ezposuros  will  be  described  under  the 
Galena.  The  Trenton  can  also  be  traced  into  this  county  from 
Olmsted,  in  sec.  14,  Canisteo. 

The  Ocdena  Limestone  is  found  cropping  out  along  the  South 
Branch  of  the  Middle  Fork  of  the  Znmbro,  or  the  Mantorville 
stream.  In  descending  this  stream  no  rock  is  found  until  in  sec. 
14,  and  the  first  important  quarry  is  that  of  Thomas  Arnold,  on  the 
north  bank  of  the  stream  in  sec.  18  of  Wasioja.  At  the  top  of  the 
exposed  wall  is  a  layer  of  5  feet  of  rubble  stone.  Below  this  are 
30  feet  of  dolomitic  sparry  stone,  yellow  when  weathered,  blue 
within.  It  is  in  evenly  bedded  layers,  6  in.  to  3  ft.  thick.  It  works 
smoothly  and  is  soft,  without  flint.  Near  the  bottom  the  rock  was 
gray  when  weathwed. 

A  few  rods  below  this,  on  the  same  side  of  the  stream,  are  the 
lime  kilns  of  James  Paul,  two  in  number.  This  is  in  the  village  of 
Wasioja,  in  sec.  13.  The  rock,  of  which  he  has  8  or  10  ft.  exposed 
close  by,  is  yellow  and  in  thin,  rather  irregular  fragments.  It  is 
in  all  probability  Galena.  Mr.  Paul  obtains  from  this  a  lime  of  a 
light  yellow  color.  He  bums  about  840  bbls.  per  year,  for  which 
he  obtains  $1.00  per  barrel.  He  uses  for  this  86  cords  of  wood  for 
which  he  pays  $4.00  per  cord.  Mr.  Paul  praises  his  lime  highly, 
and  it  is  acknowledged  on  all  hands  to  be  good  for  laying  stone. 
It  is,  however,  generally  said  to  be  slow  in  slacking  and  not  strong. 

Blake's  Mill  is  on  the  eastern  edge  of  sec.  13  of  Wasioja.  At 
this  place  is  an  exposure  of  about  30  ft.  of  rock  where  materials 
have  been  obtained  for  the  mill  and  dam'.  The  upper  5  ft.  are  of  bro- 
ken rubble  stone.  The  remainder  is  in  solid,  even  beds,  6  in.  to  3  ft. 
thick.  The  stone  is  a  limestone,  yellow,  dolomitic,  compact,  coarse- 
grained. 

About  half  a  mile  above  Mantorville,  in  section  17  of  Mantorville 
township,  is  a  natural  exposure  of  about  40  ft.  of  rock,  on  the  north 
bank.  The  upper  20  ft.  are  composed  of  a  compact  rock  in  thick 
beds,  yellow  in  color,  wearing  away  very  evenly  }by  weathering*  in 
a  castellated  manner.  Below  it  the  rock  wears  much  more  unevenly 
and  is  grayish.  Between  the  two  lies  a  thin  soft  layer  which  was 
not  accessible.  It  wears  out  much  more  rapidly  than  the  other 
rocks.  11^  is  probably  a  day-shale.  About  20  yards  from  this 
place  is  a  fine  spring,  always  flowing.  It  is  caused  by  a  layer  of 
green  shale  lying  just  below  it. 

In  the  bed  of  the  stream,  just  below  the  first  dam  at  Mantorville, 
sec.  20,  is  a  compact,  dark  limestone  in  thin  beds  and  not  dolomitic. 

Just  below,  in  the  village  of  Mantorville,  are  the  quarries  of  Chas. 
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Ginsberg  and  of  Willson  and  Hook.  The  seotions  here  were  dea- 
cribed  in  the  first  annual  report,  pp.  99.  They  have  not  changed 
appreciably  in  that  tiine  and  the  sections  need  not  be  repeated. 
Jnst  below  Willson  and  Hook's  quarry  is  that  of  Peter  Mantor. 
From  the  stone  in  Ginsberg's  quarry,  his  brewery,  hardby,  was 
made.  It  is  one  of  the  finest  buildings  in  this  part  of  the  State. 
From  the  stone  in  the  other  quarries  were  made,  the  facings  of  the 
Court  House,  Schoolhouse  and  Cook's  Hotel  in  Rochester ;  the  pnb« 
lie  buildings  and  many  of  the  stores  at  Mantorville ;  many  railroad 
bridges  along  the  Winona  &  St.  Peter,  the  highway  bridge  at  Owa- 
tonna,  etc.    The  stone  is  especially  prized  for  the  ^following  reasons : 

1.  It  is  evenly  bedded  and  can  be  got  out  in  good  shape. 

2.  There  is  little  grit  or  flint  in  it  to  take  off  the  edge  of  tools. 
It  therefore  works  easily. 

3.  It  hardens  after  exposure. 

4.  The  color  is  yellow  or  light  blue  and  is  pleasing. 

5.  There  is  little  iron  m  it  to  cause  discolored  spots.  Two  or 
three  such  spots  are  seen  in  the  Court  House  at  Mantorville.  The 
irOn  on  weathering  makes  a  rusty  blotch  on  the  surface  of  the  stone. 
These  ferruginous  spots  can  be  easily  detected  beforehand,  and  rock 
containing  them  should  not  be  used  for  the  outside. 

Mantor's  quarry  lies  on  both  sides  of  the  stream.  That  on  the 
north  side  is  quite  similar  in  rock  and  strata  to  that  of  Willson  and 
Hook,  described  by  Prof.  Winchell.  That  on  the  south  side  of  the 
.stream,  opposite  and  a  little  below  the  other,  has  the  following  sec- 
tion taken  from  above : 

2   ft.  of  loose  material,  broken  rubble  stone. 
1    ft.  light  yellow  rock  in  layers  8  in.  thick. 
4i  ft.  of  yellow  dolomltic  rock  In  thick  beds. 
i^  ft.  of  shaly,  yellow  rock,  including  a  layer  of  2  inches  of  an  uneement- 

ed  rather  fine  gravel,  containing  numerous  black  qaartzlte  pebbles. 
4   ft.  yellow  dolomltic  rock,  in  thick  beds. 

12  ft.  total  exposure. 

In  the  bed  of  the  race  at  the  second  dam  at  Mantorville,  110 
rods  below  the  mill,  sec.  21,  is  a  fossiliferous  green  shale. 

At  Boekton  Mills,  sec.  22,  Mantorville,  is  a  considerable  expo- 
sure. This  section  is  given  at  p.  100,  in  the  First  Annual  Report, 
under  the  head  of  '^  Section  at  Pettit's  Mill."  In  sees.  14, 15,  21, 
22,  23,  occasional  exposures,  usually  slight,  were  seen. 

From  the  facts  stated  above,  as  well  as  those  stated  by  Prof. 
Winchell,  in  his  first  annual  report,  the  conclusion  has  been  drawn 
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that  the  Trenton  occupies  the  bed  of  the  stream  as  high  as  Wasioja, 
bat  that  the  bluffs  are  capped  by  Galena.  This  is  the  explanation 
of  the  long  arm  of  blue  color  along  the  stream  on  the  accompany- 
ing map. 

Drift, — ^This  covers  nearly  the  whole  county.  Boulders  are  abund- 
ant and  sometimes  very  large.  Blue  clay  is  said  to  underlie  the 
whole  of  the  southern  and  western  part  of  the  county.  It  lies  at 
the  depth  of  10-30  feet,  where  it  is  always  met  in  digging  wells. 

Logs  are  sometimes  found  in  it. 

* 

On  the  railroad  betwee  n  sections  32  and  33  of  Wasioja  the  water 

washed  out  a  ditch  to  a  considerable  depth  so  that  the  following 

section  could  be  made : 

2  ft.  of  black  loam  above. 

G  ft.  of  yellow  sandy  clay  with  some  small  pebbles  below. 
4  ft.  to  bottom,  alternations  of  thin  fermginoas  sandy  films  and  black  or 
yellowish  sandy  clay. 

12  ft.  total. 

In  the  bottom  of  the  ditch  was  a  bluish  quartzite  bolder,  15  in. 
across,  and  6  in.  thick,  worn  off  smoothly  on  one  side  by  glacial 
action.    The  smooth  side  was  polished,  but  scratched. 

At  the  crossing  of  the  railroad  over  the  stream  a  similar  section, 
15  feet  thick,  was  found.  It  was  similar  to  the  above  except  that 
the  bottom  clay  was  dark  blue  and  without  the  ferruginous  films. 
In  this  clay  were  numerous  drift-pebbles ;  among  others  a  piece  of 
Galena  limestone. 

The  boulders  are  numerous  and  usually  granitic,  syenitic  or 
quartzose  in  character.  In  the  railroad  cuttings  in  Wasioja  town, 
ship,  some  ferruginous  concretions  of  small  size  and  much  decayed, 
many  fragments  of  Galena  limestone  and  a  solitary  piece  of  argillite 
were  found.  Careful  search  was  made  for  traces  of  the  Maquoketa 
shales  but  they  were  not  found. 

Brkk  are  made  by  Wro.  Gutherless  at  Dodge  Center.  He  makes 
200,000  per  year.  They  take  75  cords  of  wood  at  S2.75  per  cord. 
The  yellow  or  washed  clay  is  emploj'ed.  Mr.  Gutherless  puts  in 
about  one-third  sand  which  keeps  the  brick  from  checking  and 
warping.    The  bed  of  clay  is  worked  for  a  thickness  of  3  or  4  feet. 

Three  miles  west  of  Dodge  Center,  Mr.  Taylor  made  222,000 

brick  last  year.     They  are  from  the  same  clay.     In  a  brick  building 

which  had  been  standing  barely  a  year,  quite  a  number  of  these 

brick  had  begun  to  crumble. 
14 
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G.  F.  Rhodes,  of  Easson,  makes  brick  from  a  reddish  washed 
clay  obtained  from  a  bank  in  the  village  of  Mantorville.  He  makes 
about  600,000  brick  per  year.  A  kiln  coatains  120,000  and  takes 
40  cords  of  wood  at  a  cost  of  S4.00  per  cord.  The  brick  sell  at 
S7.00  per  thousand.  No  sand  is  put  in  the  clay,  and  the  brick  are 
machine  pressed.  The  brick  are  tender,  like  others  made  from 
washed  clay,  except  when  the  burn  is  exactly  right. 

The  clay  in  the  bed  used  by  Mr.  Rhodes  varies  in  the  amount  of 
alumina.  From  the  richest  clay  he  has  made  a  batch  of  drain  tiles. 
Thsj^  are  tough  and  have  the  characteristic  color  of  such  tiles.  He 
makes  three  sizes  which  he  sells  as  follows : 

2  inch  bore  at $15  00  per  thousand. 

8  inch  bore  at 17  50  per  thousand. 

4  inch  bore  at 20  00  per  thousand. 

In  sec.  17  of  Milton  Township,  Jacob  Baumgartner  has  a  kiln  in 
which  he  occasionally  burns  lime,  I  was  unable  to  see  either  lime 
or  quarry,  but  the  former  is  said  to  be  whitish  and  the  stone  is  evi- 
dently Trenton  Limestone. 

In  sec.  10  of  Milton  Township,  N.  Irish  has  a  kiln 'in  which  he 
burns  lime.  The  stone  is  a  bed  of  Travertine,  light,  porous  and 
soft,  apparently  3  or  4  feet  thick.  The  bed  is  at  the  base  of  a  small 
knoll  and  seems  to  have  been  deposited  by  a  spring  now  running 
over  the  bed,  though  Mr.  Irish  claims  that  this  spring  now  produces 
soft  water.  I  was  unable  to  ascertain  the  extent  of  the  bed.  One 
hundred  and  forty  barrels  of  lime  are  burnt  in  one  kiln,  which  takes 
6  cords  of  wood,  at  Sl.50  per  cord.  The  lime  sells  at  $1.00  per 
barrel  at  the  kiln.  Thirteen  kilns  a  year  are  burned.  The  lime  is 
very  white  and  quick. 
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STEELE   COUNTY 


BT  M.   W.   HARRINGTON. 


Position  and  size.  This  coanty  lies  in  the  second  tier  of  coun- 
ties from  the  Iowa  line.  It  lies  next  west  of  Dodge  county,  being 
the  fourth  in  number  west  from  the  Mississippi  river.  It  has  the 
form  of  a  rectangle,  and  is  bounded  on  the  south  by  Freeborn,  on 
the  west  by  Waseca,  and  on  the  north  by  Bice  counties. 

The  name,  position  and  size  of  the  townships  are  as  follows.  The 
figures  were  obtained  from  the  ofiQce  of  the  State  Auditor,  Hon.  O. 
F.  Whitcomb,  with  some  additions  from  the  ofSce  of  the  county 
register : 

Position  and  Area  of  the  Townships. 


Name. 


Blooming  Prairie 

Aurora 

Havanna 

Merton 

Summit 

Somerset 

Owatonna 

Clinton  Falls.  ... 

Medford 

Berlin 

Lemond 

Meriden 

Deerfleld 


T. 

R. 

Acres  ft  Handredths. 

105 

19 

22,621.88 

106 

19 

22,964.98 

107 

19 

22,264.04 

108 

19 

22,901.48 

106 

20 

22,982.48 

106 

20 

28,001.47 

107 

20 

22,912.82 

108 

20 

11,446.00 

108 

20 

11,488.67 

106 

21 

22,806.78 

106 

21 

28,006.80 

107 

21 

22,798.26 

108 

21 

22,826.99 

The  total  number  of  acres  of  land  are  seen  to  be  278,455.39.  In 
addition  to  these  there  are  about  428.66  acres  of  lake  in  Blooming 
Prairie;  676.83  in  Havanna;  182.30  acres  in  Berlin;  144.46  in 
Meriden  ;  601.79  in  Deerfield.     The  total  lake  area  in  the  county 


108  GEOLOGIOAL   AND  NATITRAti  HISTOBT 

is  thus  made  2,088.54  acres.     Adding  this  to  the  acres  of  land,  we 
have  275,488.98  as  the  total  acreage  in  the  county.  ' 

Surface. 

This  connty  is  qaite  level,  and  is  covered  heavily  by  drift.  As 
will  be  seen  the  rock  appears  at  the  surface  only  along  the  Straight 
River,  near  its  exit  from  the  county.  Grassy  swales  are  common 
and  characteristic  of  the  swamps,  especially  in  Lemond  township. 
Gravelly  knoles  are  quite  common  in  the  most  of  the  county,  espe- 
cially in  the  southern  part.  They  are  short  and  steep  in  the  south 
part  of  Somerset  and  the  adjoining  parts  of  Summit  and  Blooming 
Prairie.  A  long  straight  ridge  with  many  boulders  runs  nearly  on 
the  township  line  between  Aurora  and  Somerset.  The  southern 
part  of  the  county  is  called  the  Wilderness  and  is  not  thickly  settled. 
The  level  of  the  Milwaukee  and  St.  Paul  Railroad  has  been  already 
published.  The  writer  has  been  unable  to  get  access  to  that  of  the 
Winona  and  St.  Peter  Railroad. 

The  following  notes  were  taken  from  the  field-notes  and  plats  of 
the  government  survey  in  Steele  county,  access  to  which  was  oblig- 
ingly given  me  by  the  County  Register.  The  surveys  were  made 
in  1854. 

Blooming  Prairie^  (105,  19,)  was  covered  by  thickets  and  low 
scrub  for  the  most  part.  Marshes  were  numerous  and  there  were 
two  small  lakes  in  the  northern  part  of  the  township.  Magnetic 
variation,  8o  10'  to  9o  45'. 

Aurora. — (106,  19.)  This  township  much  resemble^  the  last; 
thickets  and  scrub  over  the  most  it  and  numerous  marshes,  some  of 
them  quite  large.     Magnetic  variation,  7^  45'  to  9^  45'. 

Havanna, — (107,  19.)  This  township  contains  the  major  part  of 
Rice  Lake.  It  is  for  the  most  part  brushy  or  wooded,  but  the  south- 
western part  is  prairie.  Marshes  are  numerous  but  not  large.  Mag- 
netic variation,  7o  44'  to  9^  25'. 

Merton. — (108,  19.)  This  township  was  found  to  be  wooded  on 
the  south  side  and  in  the  northwest  corner.  The  remainder  was 
prairie.  A  large  marsh  was  located  in  sections  28  and  24,  lud 
many  smaller  ones  were  scattered  over  the  county.  Magnetic  va- 
riation, 7°  37'  to  9*  28^ 

Summit^  (105,  20)  was  wooded  in  the  eastern  half,  prairie  in  the 
westeiii.  A  large  branching  marsh  is  located  along  the  streams, 
and  there  are  a  few  isolated  marshes.  A  stream  from  the  sooth 
loses  itself  in  the  southwest  comer  of  section  20.  Magnetic  varia- 
tion 9«  18'  to  lOo  28'. 
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Somerset  (106,  20)  had  several  sections  of  prairie  in  the  north- 
east comer,  and  the  portion  of  the  township  lying  west  of  the 
Straight  River  was  prairie ;  otherwise  it  was  wooded.  The  marshes 
platted  are  few  and  not  large.     Magnetic  variation,  9°  13'  to  10o45'. 

Owatanna,  (107,  20.)  A  band  of  woods,  2-5  miles  wide,  crosses 
the  township  accompanyipg  the  Straight  River,  and  lying  on  its 
eastern  bank  The  remainder  is  prairie.  The  banks  of  the  stream 
were  bluflfy.  Magnetic  variation,  9°  10'  to  10°  46'.  The  site  of  the 
city  of  Owatonna  was  already  in  part  claimed  when  the  survey  was 
made  (1854.) 

Clinton  FcUla  (south  half  of  108,  20)  was  mostly  wooded,  though 
a  wedge  of  prairie  lay  between  the  Straight  River  and  Crane  Creek. 
There  was  also  a  little  prairie  on  the  eastern  border.  There  was  a 
long  marsh  platted  in  sections  26  and  27.  Magnetic  variation, 
90  10'— 10«  30'. 

Medford. — (north  half  of  108,  20.)  This  township  is  prairie,  ex- 
cept for  a  wooded  strip  2-4  miles  wide,  east  of  the  river.  The 
banks  of  the  stream  are  rather  bluffy.  The  claims  of  Sanburn,  in 
section  16,  Ceilings  and  Johnson,  in  9,  and  Wright,  in  section  5, 
were  already  made.    Magnetic  variation,  8©  35'  to  10**  30'. 

Berlin^  (105,  21,)  was  wooded  through  the  center  of  the  town- 
ship ;  the  remainder  was  for  the  most  part  prairie.  The  plats  indi- 
cate marshes  along  the  streams,  and  some  other  scattered  marshy 
spots.  Near  the  center  lie  Looigana  and  Beaver  lakes,  and  in  the 
southwestern  part  a  pond.  Beaver  Lake  is  now  said  to  be  deep 
and  clear,  and  to  contain  only  soft  water.  This  item,  and  much 
other  valuable  information  concerning  this  county,  the  writer  owes 
to  Rev.  G.  C.  Tanner,  superintendent  of  schools  for  the  county. 
Magnetic  variation,  8P  45'  to  1(P  34'. 

Lemond. — (106,  21.)  The  northwest  part  was  woody  and  marshy, 
and  there  are  besides  two  or  three  isolated  groves  of  small  extent. 
An  extensive  marsh  crosses  the  north  end  of  the  township.  Mag- 
netic variation,  10°  00'  to  11°  18^ 

Meriden. — (107, 21.)  This  township  was  nearly  all  prairie,  a  little 
wood  being  found  north  ot  Crane  Creek  and  also  a  small  amount  in 
the  southern  part.  The  land  along  the  creek  was  marshy.  On  the 
northern  boundary  a  small  lake  was  found.  Magnetic  variation, 
\(fi  22'  to  11°  80'. 

Deerfield. — (108, 21.)    A  lake  enters  firom  the  south.    Another  of 
about  220  acres  is  platted  just  northeast  of  this,  and  near  it  is  a 
pond  of  about  half  the  size.     All  the  township  was  wooded  except 
the  northwest  corner,  which  was  prairie.     Extensive  marshes  were 
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plfttted  in  the  southern  and  western  part.     Magnejbic  variation,  9^ 
80'  to  no  40'. 

On  comparing  the  magnetic  variations  given  above,  it  is  foand 
that  the  extremes  are  7^  37'  in  Merton,  and  11^  40^  in  Deerfield,  be- 
ing a  variation  of  more  than  4^  in  one  small  county. 

Drainage, 

This  county  is  well  provided  with  lakes,  as  may  be  seen  in  the 
preceding  notes.  Marshes  also  are  numerous.  These  are  due  to 
the  level  character  of  the  country,  and  to  the  very  slight  elevation 
of  one  part  above  another.  The  small  amount  of  the  elevation  is 
fhrther  shown  by  the  sluggishness  of  the  currents  in  the  various 
streams.  The  course  of  the  Straight  river  shows  that  what  eleva- 
tion there  is  in  the  county,  its  increase  occurs  as  we  travel  south- 
ward. But,  although  the  county  is  very  nearly  level  and  has  little 
change  in  elevation  within  itself,  its  elevation  with  reference  to  the 
rest  of  the  State  is  considerable.  This  is  shown  by  the  fact  that 
two  streams  orighinate  here,  viz. :  the  Straight  river,  in  the  southern 
part  of  the  county,  and  a  branch  of  the  Zumbro  in  Rice  Lake.  It 
is  worthy  of  remark  here,  though  it  was  mentioned  in  the  report  on 
Dodge  county,  that  Rice  Lake  has  a  natural  outlet  into  the  Straight 
river  as  well  as  into  the  Zumbro. 

The  small  amount  of  fall  of  the  streams  limits  the  mill  privileges 
in  this  county.  The  mills  are  found  only  on  the  Straight  River,  at 
Owatonna,  and  north. 

The  City  Mills  at  Owatonna,  Drought  &  Whitson,  owners.  They 
have  7  feet  head  of  water,  and  three  run  of  stone.  It  is  a  custom 
mill,  but  does  a  little  flouring  business. 

Clinton  Mills  are  at  Clinton  Falls,  Sherman  &  Winship,  owners. 
They  have  10  feet  head  of  water,  and  three  run  of  stone.  It  is  a 
custom  and  flouring  mill. 

Medford  Mills  are  at  Medford,  White,  Beynon  &  Co.,  owners. 
They  have  10  feet  of  head  of  water  and  4  run  of  stone.  They  do 
only  a  flouring  business. 

There  is  said  to  be  an  available  water-power,  unimproved,  at  Lin- 
densmith's  between  Owatonna  and  Clinton  Falls. 

Timber. 

The  time  spent  in  this  county  was  not  long  enough  to  make  out 
a  list  of  the  woody  plants  at  all  approaching  completeness.  The 
following  were  noted : 
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BasBWOod.    {Tttia  Americana.  L,) 

Smooth  Samach.    {Bhus  glabra,  X.) 

Wild  Grape.    ( VitU,) 

YirgiDla  Creeper.    (AmpelapsU  quinquefolia,  Michx) 

New  Jersey  Tea.    {Ceanothus  Americanus.  L.) 

Sugar  Maple.    {Acer  saccharinum.  Wang.)  ^ 

Silvery  Maple.    {A.  dasycarpum.  Ehr.) 

Red  or  Swamp  Maple.    (,Acer  ruhrum.  L.) 

Box-elder.    (Negrundo  aeeroides.  Mcench.) 

False  Indigo.    {AmorpJui  frutieosa.  L.)  * 

Locast.    CBobinia  Fseudacacia.  L,)    Caltiyated. 

Wild  Yellow  or  Red  Plum.    [Pruntu  Americana.  Marshall.) 

Cherry.    {Prunus,) 

Red  Raspberry.    {Bubus  atrigosus.  Michx.) 

Blackberry.    {B.  villoatu.  AU.)' 

Crab.    {Pvru8  arbtUifolia.  L.) 

Dogwood.     Comus  paniculata,  VHer.) 

Wolf  berry.    {^Symphoricarpua  occidentalis.  B.  Br.) 

Ash.    [Fraxinvu.) 

Slippery  Elm.    (Ulmtta/ulva.  Michx,) 

White  Elm.    (U.Americana.    L.pl.Clayt.) 

Butternut.    {Juglana  cinerea.  L. ) 

Walnut.    (Juglana  nigra,  L.) 

Hickory.    (Carya,) 

Bur  Oak.    (Qu^cua  macrocarpa*  Michx.) 

Black  Oak.    {Quercua  coccinca^  Wang,  var  tincloria^  Bartram,) 

Wild  Hazel-nut.     (^Corylua  Americana.  Walt.) 

Iron- wood.    {Oatrya  Virglnica.  WUld.) 

America  Aspen.    (Populua  tremuloidea.  Michx.) 

Cottonwood.    (P.  monUifera.  AU.) 

Largetoothed  Aspen.    (P.  grandidentata,  Michx.) 

Balm  of  Gllead.    (P.  balaamifera.  L.    Var.  candicana.  Ait.)    Cultivated. 

Oeology, 

The  heaviness  of  the  drift  over  this  county  effectually  covers  all 
the  rock.  The  slight  fall  of  the  river  enables  it  to  uncover  but  little 
thus  covered  up.  The  only  exposure  of  rock  in  the  county  is  at 
Lindensmith's,  about  two  miles  below,  and  this  exposure  is  but  a 
slight  one. 

The  rock  is  Trenton  Limestone^  and  is  first  met  at  John  Abbott's 
quarry,  in  section  88,  of  Clinton  Falls.  It  is  in  the  bed  and  on  the 
low  banks  of  the  Straight  River.  The  exposure  at  the  time  vis- 
ited extended  only  about  4  feet  above  the  surface  of  the  water. 
The  rock  is  in  horizontal  layers,  2-6  inches  thick.  It  is  blue  on 
fresh  fhtcture,  yellow  when  weathered,  compact,  sparry,  and  con- 
tains many  minute  fragments  of  blue  shale,  like  the  corresponding 
rock  at  Minneapolis. 
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Just  below,  on  section  28,  is  Lindensmith's  quarry.  The  rock  is 
in  thicker  layers  than  in  Abbot's  quarry.  The  following  section 
was  seen  in  one  place,  beginning  above : 

2  feet  loam . 

2  feet  bine  clay  and  limestone  in  thin  layers. 

4  feet^to  water's  sarftice — compact  bhie  limestone,  in  thin  layers. 

The  rock  is  like  that  in  Abbott's  quarry.  Near  by  was  another 
section  as  follows : 

2h  ft.  black  and  red  loam. 

2    ft.  hard  yellow  clay. 

7   ft.  bine  stone  in  layers  2-5  laches  thick,  extending  to  surface  of  water. 

Below  this  there  is  no  more  rock  until  the  county  line  is  passed. 
At  Wolcott  Mills,  about  1^  miles  in  Rice  county,  blue  Trenton 
limestone  has  been  quarried  in  the  bed  of  the  river. 

No  fossils  were  found  in  the  rock.  This  stone  is  used  for  flag- 
ging apd  other  purposes  at  Owatonna,  and  is  considered  a  good 
stone. 

Some  evidenceH)f  the  existence  of  a  Cretaceous  area  in  the  State 
was  found.  On  the  southeast  quarter  of  section  26,  of  Deerfield, 
on  the  farm  of  Aug.  Hoffmann,  coal  has  been  found  in.  sinking  a 
well.  Dr.  G.  A.  Rossbach  tells  the  writer  that  they  went  through 
25  feet  of  black-blue  clay,  in  the  under  part  of  which  were  fragments 
of  coal.  After  that  they  passed  through  gravel  in  which  also  were 
coal  fragments.  At  the  depth  of  63  or  64  feet  rock  was  struck,  the 
drill  showed  it  to  be  black  slate  with  pieces  of  coal  imbedded  in  it. 
Although  no  specimens  of  the  coal  were  seen  by  the  writer  the  de- 
scription given  would  answer  for  Cretaceous  lignite.  When  the 
matter  is  further  explored  by  capitalists  which  will,  in  probability, 
soon  happen,  all  doubt  as  to  the  geological  horizon  of  the  rock  will 
be  cleared  up.  Meantime  the  evidence  from  the  geology  of  adjoin- 
ing counties,  as  well  as  the  nature  of  the  rock  itself,  justifies  us  in 
calling  the  rock  Cretaceous.  Just  west  of  Owatonna  another  farmer 
is  said  to  have  struck  coal  also,  though  the  writer  was  unable  to  get 
any  further  information  on  the  matter. 

The  Drift  is  here,  as  already  mentioned,  very  heavy.  Sections 
of  it  were  seen  at  several  places.  A  gravel-knoll  cut  through  at 
Owatonna  showed  one  foot  of  black  loam  on  the  top,  then  four  feet 
of  yellow,  sandy  clay,  then  seven  feet  of  assorted  sand  and  gravel. 
Other  sections  along  the  railroads  showed  essentially  the  same 
arrangement.  Among  the  gravel-pebbles,  fragments  of  argillite 
were  common. 
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The  Owatonna  mineral  springs  shoald  be  mentioned.  They  are 
nine  in  number,  and  are  located  aboat  one  and  one-half  miles  north* 
east  of  the  city.  They  lie  along  Maple  Creek,  at  the  base  of  a  low 
clayey  bluff.  Of  the  five  seen  by  the  writer,  four  deposited  iron. 
The  water  of  the  fifth  had  a  decidedly  bluish  tint.  Fountain  spring 
was  put  down  22  feet  and  now  fiows  out  freely,  raising  the  water 
about  five  feet  above  the  surface.  The  others  are  natural  springs. 
They  are  all  undoubtedly  due  to  the  clay-floor  underlying  the  loose 
materials  o(  the  drift.  The  taste  of  the  water  in  the  five  visited 
by  me  was  slightly  mineral.  The  analysis  of  the  water,  published 
by  the  Owatonna  Mineral  Springs  Company  is  appended.  To 
which  of  the  springs  this  analysis  belonged  could  not  be  ascer- 
tained: 

In  one  gallon,  or  281  cubic  inches,  there  are : 

Chloride  of  Sodiam 1680  grains. 

Sulphate  of  Sodinm 8856       « 

Bicarbonate  of  Sodiam 1.8692      " 

Bicarbonate  of  Calcinm 18.1992       «< 

Bicarbonate  of  Magnesiam  8.2920      " 

Bicarbonate  of  Protoxide  of  Iron 6160      " 

Alumina ^ 2800      ** 

Silica 1.1200      « 

Organic  Matter • atrace. 

Total 22.8200  grains. 

Cornell  Brothers,  at  Owatonna,  manufacture  stoneware.  The 
clay  employed  is  a  fine,  rich,  plastic,  blue  clay,  and  is  at  present 
obtained  from  Eldora,  Hardin  county,  Iowa.  This  bed  of  clay  is 
being  exhausted,  and  its  quality  is  deteriorating.  This  has  deter- 
mined the  firm  to  try  a  gray  clay  found  about  one  mile  east  of 
Owatonna.  This  is  the  same  layer  of  clay  which  crops  out  at  the 
mineral  springs  near  the  city.  It  has  been  found  to  work  well. 
Excellent  fire-brick  is  made  fh>m  this  clay.  This  firm  has  Just 
started  in  business.  They  make  about  1,000  gallons  a  week  in 
Jars,  jugs,  &c. 

Dr.  E.  N.  Morehouse  makes  brick  from  a  bluish,  yellow,  washed 
clay,  near  Owatonna.  He  puts  in  the  clay  about  one-third  sand. 
He  makes  225,000  bricks  a  year,  for  which  he  charges  $8.00  to 
$12.00  per  thousand,  according  to  quality.  He  uses  50  cords  of 
wood  for  every  100,000  of  bricks.  The  wood  costs  $3.00  per  cord 
at  the  place  of  cutting.  The  bricks  are,  like  all  of  those  ouule  from 
15 
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the  washed  clay,  not  first-class.  Dr.  Morehoase  has  experimented 
on  making  nnglazed  red  ware  firom  his  clay,  with  fair  results. 

Odell  and  Cornell  also  make  bricks  near  Owatonna.  Bricks  are 
also  made  on  the  farm  of  Mr.  Skinner,  near  Blooming  Prairie. 

An  artesian  well  has  been  subscribed  for  at  Owatonna,  and  will 
probably  soon  be  sunk.  It  must  obtain  results  of  great  value  for 
the  Geological  Survey. 
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The  lists  of  railroad  elevations  given  in  the  first  annual  report 
carried  a  net  work  of  levels  over  the  most  of  the  inhabited  portion 
of  the  State.  They  demonstrate  the  nearly  level  condition  of  the 
general  surface  of  the  State.  The  changes  of  level  are,  in  that 
portion  through  which  railroad  lines  have  been  run,  of  the  nature 
of  broad  swells  in  the  substructure,  and  indicate  the  changes  in  the 
geological  formations,  that  bring  on  a  series  of  hard  and  very  en- 
during rocks,  or  a  thickness  of  more  erosible  layers.  Thus  the 
Upper  Devonian,  in  the  southern  tier  of  counties,  is  characterized 
by  a  considerable  elevation  abeve  the  formations  that  underlie  it. 
llie  level  surface  that  characterzes  the  Cretaceous  in  Steele  and  Dodge 
counties,  as  well  as  in  much  of  the  western  part  of  the  State,  is  at- 
tributable to  the  effect  of  that  formation  in  toning  down,  and  con- 
cealing, the  irregularities  in  the  old  Devonian  and  Silurian  surfaces. 
Thus  there  subsists  a  very  intimate  relation  between  the  topo- 
graphy and  the  geology  in  the  various  parts  of  the  State.  The 
illustrations  that  have  already  been  given  in  the  report  on  the 
geology  of  Fillmore  county,  are  still  more  stiriking  proofs  that  the 
topography  of  a  country  is  that  which  gives  the  first  response  to 
the  enquiring  geologist  when  locating  the  geological  boundaries. 
For  this  reason  it  is  highly  desirable  that  all  lines  of  railroad  sur- 
vey, which  have  been  run  in  the  State,  should  be  made  tributary  to 
this  end.  It  matters  but  little  whether  the  railroads  for  which  such 
surveys  were  intended  were  ever  constructed.  All  that  is  needed 
is  the  comparative  bights  of  the  points  along  a  known  line.  The 
undulations  of  the  surface  are  very  significant  to  the  geologist. 

The  following  lists  are  given  as  a  further  contribution  to  this 
subject.  They  have  been  furnished  by  the  engineers  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railroad,  and  refer  the  points  named  to 
the  level  of  the  ocean.  They  pass  through  some  of  the  principal 
cities  and  the  wealthiest  counties  of  the  State. 
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EAILEOAD  ELEVATIONS. 


THE  CHICAGO,  MILWAUKEE  AND  ST.  PAUL  B.  B. 
From  the  Records^  by  Bobert  Angst. 

IOWA  AND  lONNSSOTA  DIVISION. 

[iVbt«.-~The  track  is  designated  in  all  cases,  when  not  otherwise  men- 
tioned.] 


State  Line,  Lyle 

Rose  Creek,  (Grade) 

Rose  Creek,  (Bottom) 

Dobin's  Creek,  (Grade) 

Dobin's  Creek,  (Bottom) 

Tat  Anstin  Janction..-  

Anstin,  (Station) 

Wolf  Creek,  (Grade)  ..* 

Wolf  Creek,  (Bottom) 

Cedar  River,  (Grade) 

Cedar  River,  ^Bottom) 

Ramsay,  (Crossing S*  B&*  R*  R.) ••••••  •••••••  .••••••••••••••••• 

Indian  Creek,  (Grade) • 

Indian  Creek,  (Bottom) 

Lansing 

Ingham's  Creek,  (Grade) 

Ingham's  Creek,  (Bottom) 

Top  of  swell,  NE.  i  Sec.  88,  Udolpho,  (Cnt  8i  feet) 

Swell,  half  a  mile  sonth  of  Madison,  (Cnt  H  feet) 

Madison 

Top  of  divide  7i  miles  N.  of  Madison,  (Natnral  Surface) 

Top  of  divide  7i  miles  N.  of  Madison,  (Grade) 

Blooming  Prairie,  (Depot) • 

One- half  mile  S.  B.  of  Aurora,  (Bottom  of  marsh) 

One-half  mile  S.  B.  of  Aurora,  (Grade) 

Aurora  Station.    Sec.  17,  Aurora  Township 

Havana.    S.  W.  isec.  81 

Top  of  divide  between  Havana  and  Owatonna.    Sea  24,  (Grade 

and  natural  surface) 

Winona  and  St.  Peter  Crossing.    Owatonna 

Owatonna,  (Depot). ••• 


Above 
the  Ocean. 


Feet. 
1,099.46 
1,085.41 
1,088.03 
1,094.76 
1,071.46 
1,094  45 
1,097.06 
1,108.06 
1,076.06 
1,100.00 
1,080.06 
1,114.86 
1,110.06 
1,096.66 
1,184.06 
1,190.86 
1.107.56 
1,148.56 
1,149.56 
1,150.06 
1,149.50 
1,146.00 
1,186.76 
1,106.56 
1,114,56 
1,150.66 
1,118,68 

1,141.06 
1,041.56 

i,04iaw 
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Maple  Greek,  (Grade) 

Maple  Creek,  (Bottom) 

Clinton  Divide.    Section  21,  i  mile  South  of  road-crossing,  (cat 

2  feet) • 

Medford 

Straight  Biver,  (Grade) 

Straight  Biver,  (Bottom) 

Divide  in  Wolcott.    S^  W.  i  sec.  19,  (Natnral  surflice) 

Divide  in  Wolcott.    S.  W.  i  sec.  19,  (Grade) 

F  arlbaalt 

Cannon  Biver,  (Grade) 

Cannon  Biver,  (Bottom) 

Divide  fn  Cannon  City  Township.    N.  £.  i  sec.  24,  (Natural 

surface) 

Divide  in  Cannon  City  Township.    N.  £.  i  sec.  24,  (Grade) 

Bottom  of  swamp,  five  miles  N.  of  Faribault 

Five  miles  N.  of  Faribault,  (Grade) 

Divide,  8.  W .  i  sec.  81.    Bidgewater,  (Natural  surface) 

Divide,  8.  W.  i  sec.  81.    Bridgewater,  (Grade) 

Wolf  Creek,  (Grade) 

Wolf  Creek,  (Bottom) 

Dundas.    Depot 

Spring  Creek,  1|  miles  S.  W.  of  Northfleld,  (Grade) 

Spring  Creek,  1|  miles  S.  W.  of  Northfleld,  (Bottom) 

Heath  Creek,  (Grade), 

Heath  Creek,  (Bottom) 

Northfleld.    Depot 

S.  end  of  Plateau,  2  ms.  N.  of  Northfleld,  (Nat.  sur.)*)  04.  . 
S.  end  of  Plateau,  2  ms.  N.  of  Northfleld,  (Grade)....  ('^S'S 
N.  end  of  Plateau,  8  ms.  N.  of  Northfleld,  (Nat.  sur.)..  (  c5f  £ 

N.  end  of  Plateau,  8  ms.  N,  of  Northfleld,  (Grade) J  £  ^ 

Foot  of  slope,  near  Chub  Creek,  (Grade  and  nat.  sur. ) 

Foot  of  slope,  5  miles  Arom  Northfleld,  (Natural  Surface) 

Foot  of  slope,  5  miles  flrom  Northfleld,  (Grade) 

castle  Bock  Depot 

Divide,  sec.  18,  Castle  Bock  Tp.,  (Natural  Surface) 

Divide,  sec.  18,  Castle  Bock  Tp.,  (Grade) 

Divide,  one  mile  south  of  Farmlngton,  (Natural  Surface) 

Divide,  one  mile  south  of  Farmlngton,  (Grade) 

Farmlngton 

Farmlngton,  Crossing  H.&D.  B.  B 

Vermillion  Biver  Crossing,  (Bottom) 

Vermillion  Biver  Crossing,  (Grade.)    Boiling  surface  to— 

Bosemont  Depot.    Boiling  surface  to — 

Westcott  Station 

St.  Paul  Junction,  (at  Mendota) 

Crossing  of  the  St.  Paul  &  Sioux  City  B.  B.,  Mendota 

Mendota  Junction 

Crossing  of  the  Mlnesota  Biver.  Fort  Snelling 

Crossing  of  the  Minnesota  Biver,  (Bottom) 

Fort  Snelling  Station 

Minnehaha  Station 

Minnehaha  Creek  (grade) 

Minnehaha  Creek  (bottom) 

Minneapolis  Depot 


Above 
the  Ocean. 

Feet. 

1,028.46 

1,012.06 

1,007.56 
997.08 
986.40 
968.06 
1«061.06 
1,084.06 
998.06 
966.71 
948.66 

1,089.06 
1,007.06 
961.66 
998.06 
1,086.66 
1,027.56 
964.56 
986.06 
945.71 
907.06 
894.00 
912.06 
894.56 
905.71 
972.06 
960.06 
969.06 
959.06 
918.06 
910j06 
918.06 
925.76 
1,004.46 
998.56 
904.81 
898.81 
894.09 
891.81 
879.06 
888.06 
950.06 
878.06 
749.90 
»728.40 
712.40 
708.48 
662.60 
712.50 
802.80 
806.20 
792.10 
816.00 
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McGregor  Division. 


State  Line,  near  Le  Roy,  Mower  coanty  (Nat.  Sor.  and  Grade). . 

Le  Loy  Depot 

Divide,  section  28^  LejRoy ,  (Natural  Surface) 

Creek  2^  miles  west  of  Le  Roy  (Grade) 

Greek,  2^  miles  west  of  LeRoy  (Bottom) 

Creek,  2|  miles  west  of  Le  Roy  (Grade) 

Creek,  2}  miles  west  of  Le  Roy  (Bottom) ^ 

Taopi,  (formerly  Bellevne)  section  16,  Lodl  (Grade) 

Divide,  i  mile  west  of  Taopi  section  !7  (Natural  Surface) 

DiYlde,  I  mile  west  of  Taopi  section  17  (Grade) 

Adams,  (Grade) 

Creek,  i  mile  west  of  Adams,  (Grade) 

Creek,  |  mile  west  of  Adams,  (Bottom) 

Little  Cedar  river  crossing  TGrade) 

Little  Cedar  river  crossing  (Bottom) 

Divide,  i  mile  west  of  the  Little  Cedar  (Natural  Surface) 

Divide,  }  mile  west  of  the  Little  Cedar  (Grade) 

Rose  Creek  Station 

Rose  Creek  Crossing,  (Grade) 

Rose  Creek  Crossing,  (Bottom) 


Above 
the  Ocean. 

Feet. 

1,168.47 

1,180.57 

1,205.47 

1,185.67 

1,167.97 

1,185.67 

1,170.47 

1,286.47 

1,245.47 

1,243.47 

1,176.47 

1,174.47 

1,159.47 

1,172.47 

1,152.47 

1,208.47 

1,201.17 

1,144.97 

1,186.47 

1.122.47 


Biver  Division. 


Low  water  at  St.  Paul 

Grade  of  the  L.  S.  &  M.  R.  R.,  St.  Paul,  (near  the  old  ware- 
house on  the  trestle  work) 

Dayton's  Bluff,  St.  Paul,  (Grade  of  R.  R.) 

Newport  Station 

Langdon  

Hastings  Depot,  (Junction  H.  &  D.  R.  R.) 

Etter 

Red  Wing 

Frontenac 

Lake  City 

Reed's  Landing 

Wabasha 

Kellogg 

Weaver 

Minneiska 

Minnesota  City 

Crossing  of  the  Winona  &  St.  Peter  R.  R.  (St.  Peter  Junction). 

Winona 

Homer 

LaMoille 

Richmond • • 

Dakota 

Dresbach • 

La  Crescent  lime  kiln,  N.  Me  of  Houston  county  (Grade) 


672.84 

692.84 
696.84 
787.87 
799.84 
696.81 
677.84 
678.84 
707.84 
691.84 
669.84 
699.24 
689.09 
660  84 
659.44 
664  44 
668.92 
649.44 
650.54 
647.44 
660  94 
644.44 
668.44 
687.44 
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Hastings  and  Dakota  B.  B. 


HasUngs.  jQDction  with  the  Kiver  Division  Mil.  &  St.  P.  R  R. 

Edge  of  prairie  8  miles  W.  of  Hastings,  Sec.  5,  Marshan,  (Grade 

and  Nat.  Sarf.)... 

Thence  slightly  rolling  snrfkce,  or  nearly  level,  to — 

Nine  and  a  half  miles  W.  of  Hastings,  (Grade) 

Nine  and  a  half  miles  W.  of  Hastings,  (Nat.  Sur .) 

Aabnm 

Sec.  27,  Empire.    Change  of  grade,  (Nat.  Snr.) 

Sec.  27,  Empire.    Change  of  grade,  (Grade) 

Farmington,  Crossing  of  the  I.  and  M.  Diyision 

Fairfield,  (Lakeville) 

26i  miles  flrom  Hastings,  (Nat.  Snrface) 

26i  miles  from  Hastings,  (Grade) 

i  mile  E.  of  Prior  Lake  Station,  (Natural  Surface) 

i  mile  E.  of  Prior  Lake  Station,  (Grade) 

Prior  Lake  Station 

Prior  Lake,  (Surface  of  water) 

Prior  Lake  Crossing,  (Bottom[ 

Cut  i  mile  W.  of  Prior  Lake  Crossing,  (Nat.  Surface) 

Cut  i  mile  W.  of  Prior  Lake  Crossing,  (Grade) 

Cut  8  miles  W.  of  Prior  Lake  Station,  (Nat.  Surface) 

Cut  8  miles  W.  of  Prior  Lake  Station,  (Grade) 

8  miles  W.  of  Prior  Lake  Station,  (Nat.  Snrface) 

8mUes  W.  of  Prior  Lake  SUtion,  (Grade) 

Shakopee,  Crossing  of  the  Sioux  City  R.  R 

Shakopee,  Crossing  of  the  Minnesota  River,  (Bottom) 

Shakopee,  Crossing  of  the  Minnesota  River,  (Low  water) 

Shakopee,  Crossing  of  the  Minnesota  River,  (High  water) 

[Extreme  ranfi^e  of  water,  27.1  feet.] 

Shakopee,  Crossing  of  the  Minnesota  River,  (Grade) 

Chaska  depot 

Chaska,  Crossing  of  the  Minneapolis  and  St.  Louis  R.  R 

Carver  depot • 

Carver,  Crossing  of  highway  i  m.  W.  of  depot,  (Ravine,  Bot- 
tom oO 

Carver,  Crossing  of  highway  i  m.  W.  of  Depot,  (Grade)...... 

Dahlgren,  (Grade) 

Dahlgren  Station,  (Nat.  Surface) 

Divide  i  m.  W.  of  Dahlgren  Station,  (Nat.  Surface) 

Divide  i  m.  W.  of  Dahlgren,  (Grade) 

Carver  Creek  crossing,  (Bottom) 

Carver  Creek  crossing,  (Grade) 

Benton  Station,. Divide,  (Natural  Surface) 

Benton  Station,  Divide,  (Grade).... 

Divide  I  m.  W.  of  Bonngard's  (Jrossing,  (Nat.  Snrface) 

Divide  I  m.  W.  of  Bonngard's  Crossing,  (Grade) 

Young  America 

Tiger  Lake,  Sec.  16,  (Surface  of  water) 

Divide  8i  miles  W.  of  Young  America;  i  m.  B.  of  County  Line, 
(Nat.  Surface) 

Divide  Si  ms.  W.  of  Young  America;  1  m.  E.  of  Co.  Line,  (Grade) 

BuiHilo  Creek  Crossing,  (Bottom) 

BniTalo  Creek  Crossing,  (Grade) 

Divide  i  mile  E.  of  Glencoe,  (Nat.  Surface) 

Divide  i  mile  E.  of  Glencoe,  (Grade) 

Qlencoe  Depot 


Above 
the  Ocean. 

Feet. 
696.81 

814.31 

814.81 
822.81 
848.81 
877.81 
876.81 
891.81 
980.81 
1,079.81 
1,069.81 
960.81 
948.81 
986.81 
896.81 
871.81 
962.81 
926.91 
915.81 
890.81 
749.81 
750.81 
742.81 
657.81 
679.81 
706.41 

714.81 
715.21 
716  81 
802.11 

786.81 
805.00 
968.81 
975.81 
976.81 
970.81 
895.81 
917.81 
948.81 
984.81 
987.81 
978.81 
977.81 
966.81 

997.81 
991.81 
958.81 
970.00 
1,018.81 
1,008.81 
990.01 
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Hasting  and  Dakota  R.  R.  west  of  Glencoe,  as  snireyed  in  1871  by  F.  A. 
Kimball,  commencing  on  the  range  line  between  80  and  81,  at  Roand 
Qrove,  eighteen  miles  west  of  Glencoe.*    From  J.  T.  Dodge. 


Glencoe  Depot.    Station  2,464.50. 

Nearly  level  to 
Station,  8,407 

8,460 

8,500 

8,610 

8,660.. 

8,670 

8,685 


(C 
(C 
C( 

i< 
cc 

cc 
<c 
it 
(i 
tl 
ii 

(C 

i( 
t( 
<( 

tC 
(C 

cc 
cc 

(C 

cc 
cc 
cc 
•  ( 
cc 
cc 
cc 
cc 
cc 
cc 

C( 

cc 
cc 

it 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

C( 

cc 
cc 
cc 


Above 
the  Ocean. 


8,600. 
8,625. 
8,645 . 
8,666 . 
8,680. 
8,698. 
8,710. 
8,725 . 
8,780. 
8,840. 
8,866. 
8,880. 
4,000. 
4,100. 
4,140. 


(Undulations  6-10  feet.) 


4,800... 

4,890 

4,400 

4,500 

4,600 

4,610 

4,668 

4,706 

4,720 

4,740 

4,762 

4,774 

4,780 

4,802 (£.  Fork  of  Beaver  Creek). 

4,820 

4,860 

4,870 

4,940 

4,980 (W.  Fork  of  Beaver  Creek) 

4,992 

5,080 

5,100 

6,140 InN.  E.  i  Sec  26,  115-86. 

5,160 

5,165 

5,170 

5,190 


f 


Feet. 
990.01 

1,086.81 
1,046.81 
1,056.08 
1,046.08 
1,061.08 
1,064.00 
1,052.00 
1,066.00 
1,059.00 
1,068.00 
1,055.00 
1,066.00 
1,056.00 
1,069.00 
1,058.00 
1,058.00 
1,060.00 
1,088.00 
1,071.00 
1,071.00 
1,082.00 
1,067.00 

1,072.00 
1,088.00 
1,072.00 
1,086.00 
1,089.00 
1,079.00 
1,094.00 
1,070.00 
1,082.00 
1,068.00 
1,074.00 
1,060.00 
1,074  00 
1,086.00 
1,060.00 
1,071.00 
1,060.00 
1,051.00 
1,021.00 
1,049.00 
1,047.00 
1,045.00 
1,047.00 
1,041.00 
1,056.00 
1,045.00 
1,046.00 


*  From  Roand  Oroy«  to  Braver  Creek  the  Borvey  was  nearly  In  a  due  west  course. 
Prom  Hawk  Creek  to  Big  Stone  Lake  it  ran  firom  four  to  six  miles  north  of  the  Minnesota 
River. 
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Station, 


c< 
(( 

iC 
(i 

cc 

C( 
IC 

<• 
it 

ct 
(I 
*( 

C( 
(C 

ct 
ii 
« 
<( 
<( 

C( 

t< 
ti 

CI 

cc 

cc 
cc 
cc 
c» 

c« 

CI 

cc 
cc 

«< 
cc 
cc 
cc 
n 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

iC 

cc 
cc 
cc 
c* 
cc 


6,280 

6,260 

6,B00 

(Undulations  of  16  feet.) 

6,B00 1 

6,420  (Sec.  18-18,  R.  87-86.) 7 

CUndalations.) 

6,460 

6,490 

6,670 

6,610 

(Undulations  between  1,086  and  1,061.) 

6,740 

6,760 

6,760 

6,790 

6,810 

6,880 

6,900 

6,980 

6,947 

6,970 

6,020 

6,028  (Hawk  Creek) 

6,080 

6,040 

6,090 

6,094 

6,096  (Creek) 

6,100 

6,140 

6,142..... 

6,146 

6,280 

6,816 

6,840 

6,400 

6,417 

6,460 

fUndnlating  6-10  feet.) 

6,600 .' 

6,626 

6,660 

6,672 

6,780 

6,770 

6,820 

6,824 

6,826 

6,828 

6,860 

6,870 

6,880 

6,910.-.. 

6,980 

6.960 

6,968  (R.  40-41,  Sec.  81-86.) 

6,990 

16 


Above 
the  Ocean. 

Feet. 
1,067.00 
1,072.00 
1,066.00 

1,048.00 
1,042.00 

1,022.00 
1,046.00 
1,066.00 
1,041.00 

1,081.00 

1,026.00 

1,088.00 

1,048.00 

1,081.00 

1,089.00 

1,026.00 

1,088.00 

1,028.00 

1,086.00 

988.00 

970.00 

999.00 

1,007.00 

1,009.00 

1,010.00 

989.00 

1.008.00 

1,012.00 

996.00 

1,012.00 

1,08100 

1,010.00 

1,018.00 

1,004.00 

988.00 

1,021.00 

1,014.00 
986.00 
997.00 
988.00 

1,008.00 
987.00 

1,000.00 

1,001.00 
980.00 
996.00 
980.00 
970.00 
988.00 
978.00 
941.00 
969.00 
969.00 
984.00 
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SUtion, 


ct 
cc 

(C 

(( 
n 
■i 
it 

(C 

c« 
it 
tc 
cc 
it 
ti 
it 
ti 
t< 

it 

•  t 
Ck 
iC 
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it 
it 
ft 
tc 
it 
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ft 
tt 
tt 
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ft 
it 
ct 
tt 
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tc 
tc 
it 
tc 
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ft 
«« 

cc 
tt 
tt 


7,070 

7,090 

7,149 

7,160  (Chippewa  River) 

7.164 

7,260 , 


7,820 

7,860 

7,870 

7,890 

7,408 

7,406 

7,416 

7,426 

7,482 

7,490 

7,690 

7,608 i. 

7,680 

7,646 

7,690 

7,790 

7,860 

7,910 

8,080 

8,089  (Pomme  de  Terre  River) 

8,060 

8,120 

8,240 

8,810 

8,870 

8,890 

8,420 

8.480 

8,600 

8,660 

8,680 

8,640 

8,700 

8,800 

8,850 

8,880 

8,980 

8.970 

8,994-6 

8,998-9,000 

9.008.  (Creek) 

9,008 


9.080 

9.060.  (Sec.  18, 121.46) 

9,100 

9,110 

9,140.. 


9.170 
9,190 


(Undulations,  10-16  feet.) 


9.200.  (Opposite  foot  of  Big  Stone  Lake,  U  ms.  SB.of  it) 
Big  Stone  Lake,  opposite  8ta.  9,816 


Above 
the  Ocean. 

Feet. 
981.00 
926.00 
928.00 
918.00 
981.00 
918.00 
984.00 
916.00 

nsM 

988.00 

926.00 

940.00 

982.00 

960X)0 

941.00 

968.00 

974.00 

991.00 

986.00 

969.00 

977.00 

98000 

997.00 

981.00 

986.00 

960  00 

986.00 

994  00 

1,000.00 

986.00 

996.00 

1,017.00 

1,018.00 

987.00 

986.00 

991M 

986.00 

1,002.00 

1,012.00 

1,017.00 

1,088.00 

1,012.00 

1,016.00 

1,018.00 

978.00 

990.00 

966.00 

1,011.00 

1,017.00 

1,006.00 

1,041.00 

1,044.00 

1,068.00 

1.O72.00 

1,079X10 

1,077.00 

988JKI 
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EEPOET  ON  THE  GENERAL  ItfUSEUM. 


CONTAINING  THE  COLLECTIONS  OP  THE  GEOLOGICAL 
AND  NATURAL  HISTORY  SURVEY  FOR  1875. 


BT  N.  H.  WINCHELL.  CURATOR. 


The  Museum  of  the  State  UDlversity,  at  Minneapolis,  is  designed 
to  exemplify  to  the  people  of  the  State  the  natural  resources  of  the 
State  of  Minnesota,'  so  far  as  the  same  are  covered  by  the  investi- 
fixations  ordered  by  the  law  creating  a  geological  and  natural  history 
survey.  It  is  also  designed  to  afford  to  the  students  who  may 
avaU  themselves  of  the  instruction  offered  by  the  University,  the 
means  of  illustration  needed  in  the  study  of  the  Natural  Sciences. 
In  addition  to  the  collections  directly  made  by  the  survey,  the  law 
orders  a  system  of  exchanging  with  other  institutions  with  a  view 
of  so  augmenting  the  number  of  specimens  on  exhibition  as  to  com- 
prise finally  a  tolerably  complete  series  of  the  different  species  and 
objects  of  interest  and  curiosity  that  are  afforded  by  the  Natural 
Sciences. 

Prior  to  the  commencement  of  the  Geological  and  Natural  His- 
tory survey,  there  was  a  nucleus  of  a  museum  already  in  existence 
in  the  University.  This  comprised  a  variety  of  objects,  many  from 
the  State  of  Minnesota,  and  others  from  foreign  localities.  The 
collections  that  have  accumulated  since  the  survey  began  haye  been 
withheld  necessarily  from  exhibition  owing  to  the  lack  of  suitable 
room  with  proper  cases  and  ftimiture  for  their  exhibition  and  pre- 
servation. During  the  past  year,  however,  the  new  University 
building  having  been  substantially  completed,  room  has  been  set 
aside  for  the  museum,  and  a  set  of  cases  are  rapidly  approaching 
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completion,  Buitable  for  the  reception  of  some,  if  not  all,  of  the  col- 
lections  that  belong  to  the  museum. 
The  mammals  that  were  collected  in  the  Black  Hills,  mentioned 

■ 

in  the  last  statement  on  the  condition  of  the  museum,  have  been 
mounted  by  Prof.  H.  A.  Ward,  of  Rochester,  New  York,  and  are 
only  awaiting  the  arrangement  of  the  room  to  be  set  up  in  the  Uni- 
versity. They  comprise  antelope,  male  and  female,  deer  with  young, 
elk,  elk  head,  badger,  grizzly  bear  with  young,  and  weasel.  Tbe 
moose  which  was  secured  last  winter  has  also  been  mounted  by 
Prof.  Ward,  and  for  the  same  reason  is  not  on  exhibition.  It  is 
kindly  kept  in  store  by  Prof.  Ward  till  our  rooms  are  ready.  This 
fine  specimen  was  killed  in  December,  1874,  by  Peter  Young, 
(<'  Wild  Pete,'0  in  the  east  part  of  Otter  Tail  county,  on  the  north 
end  of  Parker's  Prairie,  after  having  been  pursued  about  five  miles. 
He  was  seen  about  a  mile  away,  coming  toward  the  hunter,  on  a 
trot,  and  passed  within  six  rods  of  him.  The  first  shot  put  a  ball 
through  his  throat,  but  it  required  four  or  five  more  to  bring  him 
down.  He  was  billed  as  freight  to  St.  Paul,  after  the  entrails  were 
removed,  with  a  weight  of  590  pounds.  His  flesh  and  bones,  with- 
out the  neck  and  lower  leg-bones,  weighed  465  pounds.  The  spe 
cimen,  as  moiXnted,  is  pronounced  one  of  rare  size  and  perfection. 
In  procuring  and  caring  for  this  moose,  before  he  was  sent  to  Prof. 
Ward,  Messrs.  Wm.  A.  Van  Slyke  and  Merrill  Ryder,  both  of  St. 
Paul,  rendered  much  assistance. 

In  August  the  generosity  of  a  few  citizens  of  Minneapolis  aided 
the  Board  of  Regents  to  make  the  purchase  of  a  fine  set  of  Prof. 
Ward's  casts,  lliese  are  in  plaster  of  paris,  and  are  of  life  size, 
and  will  give  the  rooms  assigned  to  the  Museum  a  very  attractive 
appearance.  The  contributors  to  this  fhnd  were  the  following  gen- 
tlemen: 

JadgeB.  8.  Jones $60  00 

Gov.  J.  S.  Plllsbaiy 150  00 

Hod.  L.  Batler 150  00 

Dr.  H.  H.  KimbaU 10  00 

B.  J.  MendenhslL 10  00 

Hon.S.  M.  WUsoQ 10  00 

Hon.  S.B.  Langdon 50  00 

Hon.  H.  T.  Welles 60  00 

S.C.  Gale,  Esq S5  00 

Chute  Brothers 10  00 

Judge  Isaac  Atwater 15  00 

D.S.  Stoiy 500 

Jonathan  Chase 100  00 
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ADthODy  Kelly ...« 5  00 

Wyman  Elliott..... 5  oo 

Thomas  Lowry 25  00 

Hon.  A.M.  Reid..^ 25  oo 

Hon.  F&riB  Glbion 25  00 

The  ftill  cost  of  the  set  was  $1,500.    It  embraces  the  following 
specimens : 
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LIST  OF  WARD'S  CASTS  OF  FOSSILS  IN   THE 

UNIVEBSITY  MUSEUM. 


VERTEBRATA. 

MAMMALIA. 

[NoTB.— The  nambers  prefixed  are  those  of  Prof.  Ward's  Catalogue.] 

2.    Homo BDgis  Cavern,  Belgiom. 

Pleistocene. 

4.    Homo Gaadalonpe. 

Modem  Concretionary  Limestone. 

4.  (C.L.)  Mesopithecns  Pentelici.     Wagner a  . .  Plkermi,  Greec  • 

Upper  Miocene. 

7.  (C.  L.)  Machairodns  calkridens.    Cuv., Plkermi,  Greece. 

Upper  Miocene. 

11.    Hysna  eximia.     Wagner Pikermi,  Greece. 

Pleistocene. 

15.  Amphicyon  mi^or.    Lartet Sansans,  S.  France. 

Miocene  Tertiary. 

16.  Ursos  speleas.    Blum^  (skoll.) Cave  of  Gailernenth,  Bavaria. 

Qnaternaiy. 

17.  Ursas  spelnns.    Blum,  (pair  of  molars)  .Cave  of  Gallenrenth,  Bavaria. 

Quaternary. 

18.  Ursus  speleus.  Blum,  (canine  tooth.)..  Cave  of  Gallenrenth,  Bavaria. 

Quaternary. 

19.  Gulo  speleus.     Qoldf, .* Cave  of  Gailenreuth,  Bavaria. 

Quarternary. 

20.  Trogontherlnm  Cuvieri.    Fiech Ostend,  England. 

Pliocene  Tertiary. 

21.  Castoroides  Ohioensis.    lister Clyde,N.T. 

Pleistocene. 

28.    Megatherium  Cuvieri.    Deem Buenos  Ayres,  S.  A. 

Fampean  Formation. 
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H.    Megatherlam  Cnvlerl.    Desm.  (tooth.) Buenos  Ayres,  S.  A. 

Pleistocene. 

34.    Megalonyx  Jefferaonil.    Sarlan Henderson,  Ky. 

Pleistocene. 

36.    Megalonyx  Jeffersonii.    Sarlan Care,  West  Virginia. 

Pleistocene. 

36.    Qlyptodon  typas.    Nodat Pampean  Deposit,  Bannos  Ayres. 

Pleistocene. 

41.    Glyptodon  reticalatos.    Otoen.  (caadal  armor.) Bnenos  Ayres. 

Pleistocene. 

43.    Glyptodon  clavipes.     Owen,  (reduced.) •  - ' Bnenos  Ayres. 

Pleistocene. 

M.    Bootherium  caviflrons.    Leidy Ft.  Gibson,  Indian  Territory. 

Pleistocene. 

65.    Boothernm  bombitrons.    Leidy Big-bone  Lick,  Ky . 

Pleistocene. 

67.    Oreodon  Cnlbertsonti.    Leidy Manraises  Terres,  Nebw 

Miocene  Tertiary. 

69.    Anoplotherinm  commnne.     Cuv Montmatre,  Paris. 

Eocene  Gypsnm. 

60.  Anoplotherinm  commune.    Cuo.  (right  forefoot) ••Montmatre,  Paris. 

Eocene  Tertiary. 

61.  Anoplotherinm  commune.    Cuv.  (left  hindfoot)... Montmatre,  Paris. 

Eocene  Tertiary. 

69.    Chosropotamus  Parlslensis.    Aym.  (skull) Montmatre,  Paris. 

Eocene  Tertiary. 

71.  Anthracotherium  magnum.    Cuv ■ Auvergne,  France. 

Miocene  Tertiary. 

72.  Lophiochaerus  splendens 8t.  Albans,  France. 

Miocene  Tertiary. 

73.  Hippohy us  Sivalensls.    Falc,  and  Caut Sewalik  Hills,  India. 

Miocene  Tertiary. 

78.  Hippopotamus  mijor.    Cuv.  (right  tusk.) 

79.  Hippopotamus  major.    Cuv,  (left  hind  foot) Anrergne,  France. 

Pliocene  Tertiaiy.  ' 

30.    JSquns  namadicns.    Fate,  and  Caut Sewalik  Hills,  India. 

Miocene  Tertiary. 

33.    Hipparlon  elegans.    Chrietol Concurron,  France. 

Lower  Pliocene. 

87.    Anchitherium  Aurelianense.    Oerv St.  Alban,  France. 

Upper  Miocene. 
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89.  Rhinoceros  pla^rhlnas.    Falc.  and  Gaut.  Sewallk  Hills,  Ind. 

Miocene. 

90.  Rhinoceros  palnindlcns.    Fnlc.  and  Catit Se walik  Hills,  India. 

Miocene  Tertiary. 

95.    Rhinoceros  pleuroceros,  (lower  jaw) Gannat,  France. 

Miocene  Tertiary. 

99.    Rhinoceros  Merkli.    Kaup Steinheim,  Wirtemberg. 

Miocene  Tertiary. 

100.    Rhinoceros  Inclslvas.    Ouv, ,  (upper  incisor) Steinheim,  Ger. 

Miocene  Tertiary. 

102.    Tapiras  Avernensls.     Oroie  and  Job Anvergne,  Central  France. 

Pliocene  Tertiary. 

108.  Tapiras  Avernensls.     Oroiz.  and  Job, Anvergne,  France. 

Ploclne. 

104.  Lophiodon  Parislense.    Gerv Paris,  France. 

Eocene  Tertiary. 

105.  Pliolophas  valplceps.    Owen England. 

London  Clay  (Eocene.) 

106.  Palnotherlum  crassam.    Cuv Montmartre,  Paris. 

Eocene  Gypsum. 

109.  Palnotherinm  crassam.    Cfuv Montarartre,  Paris. 

Eocene  Gypsam. 

111.    Paleotherinm  crassom.    CTuo.,  (left  hind  foot) Paris,  France. 

Eocene  Tertiary. 

118.    Dinotheriam  giganteam.    Kaup Eppelshelm,  Rhine  Valley. 

Miocene  Tertiary. 

118.  Dinotheriam  levlas,  (npper  Jaw,  left  ramus) 8t.  Albans,  France . 

Miocene  Tertiary. 

1 19.  Dlnotherf am  levins,  (upper  Jaw) St.  Albans,  France. 

Miocene  Tertiary. 

124.    Dlnotherium  glganteum.    Kaup St.  Jean  le  Vleux,  France. 

Miocene  Tertiary. 

182.    Elephas  prlmigenius.    Blum Llppe,  Prussia. 

Pleistocene. 

188 .    Elephas  primigenius.    Blum Dept.  of  Aln,  France. 

Pleistocene. 

» 

186.  Elephas  intermedins,  (molar.) Rlrer  Saone,  France. 

Pleistocene. 

187.  Elephas  Intermedins,  (molar.) St.  Germain,  France. 

Pleistocene. 

188.  Elephas  merldlonalls.    NeMU Basses  Alpes,  France. 

Pliocene  Tertiary. 
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142.    Elephas  Americanns.    Dekay Homer,  Cortland  Co.,  N.  Y. 

Pleistocene. 

148.  Elephas  Americanus.    DeKay St.  Catbarlnea ,  C.  W. 

Pleistocene. 

155.    Mastodon  giganteas.    Cuv.  (molar) Big  Bone  Lick,  Ky. 

Pleistocene. 

159.    Mastodon  longkrostrls.    Kaup.  (molar) Lyons,  France. 

Miocene  Tertiary. 

169.    Mastodon  longi rostris.   Kaup,  (task  of  lower  Jaw)  •  • .  Lyons,  France. 

Miocene  Tertiary. 

171.    Mastodon  giganteas.    Cuv St.  Catharines,  C.  W* 

Pleistocene.  ^ 

176.    Zeaglodon  cetoides.    Owen,  (two  teeth) Claiborne,  Ala. 

Eocene  Tertiary. 

178.  Bhizoprion  Schinzi,  (head.) Central  France. 

Miocene  Tertiary. 

179.  Balaenodon  gibbosas.    Oyi.  (tympanic  bones) Snifolk,  England. 

Pliocene  Tertiary. 

18 1 .    Diprotodon  Australia.    Owen •  •  Darling  Downs,  Aas^tralia. 

Pleistocene. 

AYES. 

184.    Dldos  ineptns,  (head) Manritins. 

AUnvlom. 

186.    iBpiornis  maximas.    St.  Ml,  (egg) Madagascar. 

Pleistocene. 

186.    iBpiornis  maximus.    St,  HU,  (metatarsal) Madagascar. 

Pleistocene.  ^ 

188.  Palapteryx  ingens.    On,  (right  foot) New  Zealand. 

Pleistocene. 

189.  Brontozoonm  gigantam.    BUeh.  (tracks) Northampton.  Mass. 

Lias. 

192.    Brontozoonm  Sillimaniam.    Hk,  (tracks) Middleto wn,  Conn . 

Lias. 

BEPTILIA. 

196,    Polemarchas  gigas.    J^.  (track) Chlcopee  FallSy  Mass. 

Lias.? 

149.  (C.  L.)  Igoanodon  Mantelli.    if«yer ••Isle  of  Wight. 

Wealden. 
17 
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211.  Ichthyosanras  commnnis.    Oontfb Lyme-BegiB,  England. 

Lias. 

212.  Ichthyosanras  commnnis.    CSonyb.  (head) Barrow-on-8oar,  Eng. 

Lias. 

218.  Ichthyosanrns  commnnis.    Conyb*  Chead) Lyme-Begis,  Eng. 

Lias. 

214.    Ichthyosanras  commnnis.    Gonyb.  (paddle) Boll,  Wirtemberg. 

Lias. 

219.  Ichthyosanras  platyodon.    Oonyb Lyme-Begls,  Eng. 

Lias. 

220.  Ichthyosanras  tennirostris.    Conyb Boll,  Wirtemberg. 

Lias. 

222.    Ichthyosanras  tennirostris.    Conyb Boll,  Wirtemberg. 

Lias. 

220  •    Plesiosanrns  dolichodeims.    Conyb Qlas tonbnry,  Eng. 

Lias. 

227.    Plesiosanrns  macrocephalns.    Oonyb Lyme-Begls,  Eng. 

Lias. 

281.    Pliosanms  brachydeims.    Otoen. ,  (padd^) Dorchester,  Eng. 

Upper  Oolite. 

288.  Pliosanms  grandid.    Owen,  (tooth) Dorchester,  Eng. 

Upper  Oolite. 

287.    Piacodns  gigas.    Agass Laineck,  Bavaria. 

MnscheUcalk  (Trias.) 

289.  Placodas  gigas.    Agats Laineck,  Bavaria. 

MnscheUcalk  (Trias.) 

241.  Pterodactylns  crassirostris.    €hl4f Solenhofen,  Bavaria. 

Upper  Oolite. 

242.  Pterodactylns  rhamphastinns.     Wagner Solenhofen,  Bavaria . 

Middle  Oolite. 

247.    Crocodilns  biporcatns.    Ouv.  (head) Sewalik  Hills,  India. 

Miocene  Tertiary. 

249.    Crocodileimns  robnstns Dept.  of  Ain,  France. 

Upper  Oolite. 

251 .    Aligatorellns  Beanmontii Dept.  of  Ain,  France . 

Middle  Oolite. 

258.    Teleosanms  Mandelslohi.    Bronn Holsmaden,  Wirtemberg. 

Lias. 

255.    Teleosanms  longlpes.    Bronn Boll,  Wirtembeiv. 

Lias. 

258.    Teleosanms  Gadomensis.    St.  SU.  (ventral  scales) ....  Caen,  France. 

Lower  Oolite. 
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862.    Mosasaaras  HbffinaiiDi.    ManteU Maestricht,  Holland. 

Upper  Chalk. 

268.    Homoaoaaaros  Maximiliani .    Me^er Kelheim,  Bavaria. 

Middle  Oolite. 

270.    Saphaosaoros  laticeps .    Jfeyer Kelheim,  Bavaria. 

Middle  OoUte. 

277.  Sanranodon  incisivas Dept.  of  Ain,  France. 

Middle  Oolite. 

278.  Dicynodon  lacerticeps.    Otoen •  Fort  Beaofort»  Cape  Colony. 

Trias. 

281.    Testndo  hemlspherica.    Leidy Manvalses  Terrea,  Nebraska. 

Miocene  Tertiary. 

285.  Plearostemon  ovatom.    Owen •    8 wanage,  England. 

Upper  Oolite. 

286.  Cbelonemys  ovata,  C^sntral  surface.) Cirin,  France . 

Middle  Oolite. 

287.  Cbelonemys  plana,  (ventral  sar Ace. ) Cirin,  France. 

Middl<9  Oolite. 

289.    Hydropelta  Meyeri.    lyOrb • Cirin,  France. 

Middle  Oolite. 

292.    Labyrintbodon  Jageri.    Owen ^  Stottgardt,  Wirtemberg, 

Keoper  (Trias.)  . 

297.  Andrias  Schencbzeri,  Ttehttdi (Eningen,  Switzerland. 

Miocene  Tertiary. 

298.  Andrias  Tscbndi.    Meyer Bott,  Bbine  Valley. 

Miocene  Tertiary. 

825.    (C.  L.)    Cbeirotherinm  Barthi.    Kaup Jena,  Oermany. 

Lower  Trias  (New  Bed  Sandstone.) 

299.  Bana  dilQviana.    Qoldf Bonn,  Bbine  Valley. 

Miocene  Tertiary. 

802.    Pterodactyls  (restored.) ...•• Kent,  England. 

Cbalk. 

808     Megalosaoms,  (restored.) Oxfordshire,  etc.,  England. 

Oolite. 

804.  Igoanodon,  (restored.) Sossex  and  Kent,  England. 

Wealden. 

805.  Labyrintbodon,  (restored.) Cheshire,  England. 

Trias. 

806.  Icthyosanms,  (restored.) Somersetshire,  etc.,  England. 

Lias. 

807.  Plesiosanms  macrocepbalos.    Conyfr.  (restored.). ..Dorsetshire,  etc., 

Lias.  England. 
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808.    Plesiosannis  dolichodeirnB.    Conyb.    (Restored.) •••Somersetshire, 

etc.,  England. 
Lias. 


PISCES. 

809 .    Holoptychlns  nobiUsslmos.    AgiMs Clashblnnle,  Scotland . 

Old  Red  Sandstone. 

818.    Cephalaspis  Lyelll .    Ag<i88 Forfarshire,  Scotland . 

Old  Red  Sandstone. 

816 .    Lepidotas  maximns.     Wagn Solenhofon ,  Bavaria . 

Upper  Oolite. 

816.  Lepldotns  oblongns.    Agasa Solenhofen,  Bavaria. 

Middle  Oolite. 

817.  Lepldotns  minor.    Aga88 Isle  of  Portland,  England. 

Upper  Oolite. 

820.  Microdon  (Pycnodns)  elegans.    Aga$a • .  Kelheim,  Bavaria. 

Upper  Oolite. 

821 .  Microdon  notabills.    Munst Kelheim,  Bavaria. 

Middle  Oolite. 

824.    Qyrodns  circalarls. ,  Agaas Solenhofen,  Bavaria. 

Upper  Oolite. 

828.    Megalarns  lepldotns .    Agaaa Solenhofen,  Bavaria. 

Lithographic  Slate  (Upper  Oolite.) 

880.  Sqnatina  acanthoderma.    Fraas •  Eichsidt,  Bav* 

Upper  Oolite. 

881.  Thaamas  alifer.    Munst Elcshtadt,  Bavaria* 

Middle  Oolite. 

888.    Carcharodon Isle  of  Malta. 

Miocene. 

886.    Acrodns  nobilis.    Agaaa,*.. .Lyme-Regis,  Eng. 

Lias. 

888.    Plycodos  decarrens.    Aga$s ...Kent,  Eng. 

Chalk. 

842.    Mestams  verrucosus.     Wagner Eichstadt,  Bavarta, 

Middle  Oolite. 

844 .    Ichthyodornlite,  (dorsal  spine) Lyme-Regls,  Eng. 

Lias. 

847.    Holocentmm  pyganm.    Agaaa Monte  Bolca,  Italy. 

Eocene  Tertiary. 

1201.    Ooprolite  of  Fish... Kent,  Eng. 

Lower  Chalk. 
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ARTIOULATA. 

CBUSTACBA. 

858.    Enoploclytea  Sussexlensls.    Mant.  (claw) Lewes,  England. 

Lower'Chalk. 

854.    Eryon  proplnqnus.     Oermar Elchstadt,  Bavaria. 

Upper  Oolite. 

858.    Pemphyx  Snenrii.    Meyer Crailsheim,  Wirtemberg. 

Mnschelkalk  (Middle  Trias.) 

865.    Limnlns  Walchii.    Deam Bichstadt,  Bavaria. 

Middle  Oolite. 

867.  Enripterns  lacnstris.    Harlan Williams ville,  N.  Y. 

Waterlime  Group,  (Upper  Silurian.) 

868.  Enryoteras  lacustris.    Harlan WilliamsviUe,  N.  Y. 

Waterlime  Gronp,  (Upper  Silnrian.) 

872.    PterygotQS  Anglicns.    Aga88 Forfarshire,  Scotland. 

Old  Red  Sandstone. 

878.    Asaphas  glgas.  DaZtn.  (restored  from  fragments.)..  A  dams  Co.  Ohio. 

Lower  Silnrian. 

874.    Asaphns  gigas.    Dalm Cincinnati,  Ohio. 

Lower  Silnrian. 

880.    Asaphns  expansns.    Dcdm Motala,  Sweden. 

Lower  Silnrian. 

882.    Asaphns  tyrannus.    March Bishop's  (Castle,  Wales. 

Llandeilo  Flags.  (L.  Sil.) 

884.    Asaphns  Barrandi.    Hall Platteville,  Wis. 

Trenton  limestone,  (L.  Silnrian.) 

888.    Angelina  Sedgwicki.    McCoy ..Qarth,  Wales. 

Lower  Silnrian. 

890.    Bnmastns  Barrlensis.    Murch New  York. 

Niagara  Oronp. 

898.    Brontens  planus.    Barr Berano,  Bohemia. 

Upper  Silurian. 

894.  Calymene  Blumenbachii.    Brongniart Dudley,  England. 

Upper  Silnrian. 

895.  Calymene  Blumenbachii.    Brong Dudley,  England. 

Upper  Silurian. 

896.  Calymene  senarla.    Cenrad Cincinnati,  Ohio. 

Lower  Silurian. 

897.  Calymene  IsBviceps.    DcUm Motala,  Sweden. 

Lower  Silurian. 


^ 
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898.    Ceraaros  plearezanthemas.    Green,    (partially  restored.)  . 

Lower  Sllorian. 

889.    Ceraaros  plearezanthemos.    Qreen Ottawa  River. 

Trenton  limestone. 

400.  Chiroras  claviger.    Beyr Wesela,  Boh. 

Lower  Silurian. 

401.  Conocephalas  Snlzeri.    ScMoth Oinetz,  Bohemia. 

Lower  Silarian. 

402.  Cychaspis  Chrystyi.    Sail Waldron,  Ind 

Niagara  Group. 

405.    Dalmania  calliteles.    Oreen •••••York,  N.  T. 

Hamilton  Group. 

408.    Dalmania  micrurus.    Oreen Schoharie  county,  N.  T. 

Lower  Helderberg. 

411.    Dalmania  nasutus.     Conrad Schoharie  county,  N.  T. 

Lower  Helderberg. 

414.  Dalmania  selennrus.    Satan Auburn,  N.  T. 

Upper  Helderberg. 

415.  Dalmania  socialis.    Barr Bohemia. 

Lower  Silurian. 

417.    Dindymene  Bohemlca.    Barr •  Rokycan,  Bohemia. 

Lower  Silurian. 

• 

421.  Harpes  ungula.    Barr Kronieprus,  Bohemia. 

Upper  Silurian. 

422.  Harpides  Grimmi.    Barr Przibram,  Bohemia, 

.      Lower  Silurian. 

428.    Homalonotus  delphinocephalus.    Murek. Dudley,  England. 

Upper  Silurian. 

428.  Lichas  Boltonl.    Chreen Lockport,  N.  T* 

Niagara  Group. 

429.  Lichas  grandis.    SdU.  (head.) Schoharie  county,  N.  T . 

Schoharie  Grit,  (Devonian.) 

480.    Lichas  grandis.    SdU.  (pygidium  reversed.) ....  Schoharie  Co.,  N.  Y. 

Schoharie  Grit,  (Devonian.) 

488.  Ogygia  Buchii.    OoW South  Wales. 

Lower  Silurian. 

486.  Olenellus  Thompsoni.    Sail.. Geoigia,  Vt. 

Quebec  Group,  (Lower  Silurian.) 

487.  Paradoxides  Bohemicus.    JBock Ginets  Bohemia. 

Lower  Silurian. 

489.  Pradoxides  Davidls.    ScUter St.  Davids,  Wales. 

Lower  Silurian. 


r 


I 
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442*    Fliacops  cephalotes.    Carda Tetin,  Bohemia. 

Upper  Bllniian. 

INSBCTA. 

451.    JBchna  ezimia.    JOagen ••• Solenhofen,  Bay. 

Lithographic  Limestone,  (Middle  Oolite.) 

ANNELIDA. 

» 

464.    Vermetos  gigas.    Biv Astl,  Piedmont. 

Miocene  Tertiar?.' 

455.    Tentacnlitea  elongatns .    Ball Schoharie  Co.  N.  Y. 

Lower  Helderberg. 


MOLLUSOA. 


CEPHALOPODA. 

456.  Belemnites  Oweni.    Prattt  (guard) Chriatian  Malford,  England. 

Upper  Oolite. 

457.  Belemnites  Oweni.    PraU Christian  Malford,  England . 

Upper  Oolite. 

458.  Belemnites  giganteos.    Schloth Ehningen,  Wirt. 

Lias. 

461 .  Belemnites  acnarins.    ScMoth Whitby,  England 

Lias. 

462.  Belemnites  lateralis.    PhU,  (guard.) Yorkshire,  Eng. 

Cretaceous. 

468.    Belotenthis  subcostata.    Munat Holzmaden,  Wirt. 

LiaA. 

467.  Ammonites  armatus.    Saw Charmouth«  Eng. 

Lias. 

468.  Ammonites  Aon.    Mufut St.  Cassian,  Austria. 

Trias. 

472.    Ammonites  Batesi.    Tra$k Shasta  Co. ,  California. 

Cretaceous. 

478 .    Ammonites  bisulcatus.    Brug Bautenberg,  Brunswick . 

Lower  Lias. 

475.  Ammonites  Blagdeni.    Sow Dorsetshire,  England. 

Lower  Oolite. 

476.  Ammonites  Birchii.    Saw • Charmouth,  England. 

Lias. 
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477.  Ammonites  Bechei.    J^ow Charmonth,  England. 

Lias. 

« 

478.  Ammonites  Brongniarti.    Sow Yeovil,  England. 

LQwer  Oolite. 

484.  Ammonites  cordatas.    Soto ^ Calvados,  France. 

Middle  Oolite. 

485.  Ammonites  cordatns.    Soto .....  Calvados,  France 

Middle  Oolite. 

487.    Ammonites  coronatus.    Brug Villere,  France. 

Middle  Oolite. 

490.  Ammonites  flmbrlatos.    Saw Charmonth,  England. 

Middle  Lias. 

491.  Ammonites  fln&brlaras.    Sow Charmonth,  Eng. 

Middle  Lias. 

492.  Ammonites  gigas.    Zieten Yonne,  France. 

Upper  Oolite. 

495.    Ammonites  Goliathas.     D'Orb DWes,  France 

Middle  Oolite. 

497.    Ammonites  Henleyl.    Sow '. Charmonth,  England. 

Lias. 

49iB.    Ammonites  Herveyi.    Sow Wilts,  England. 

Middle  Oolite. 

500.    Ammonites  heterophyllns.    Sow Bentlingen,  Wirtemberg. 

Lias. 

601.    Ammonites  Hnmphriesianns.    Sow Yeovil,  England. 

Lower  Oolite. 

502.    Ammonites Calvados,  France. 

Middle  Oolite. 

508.  Ammonites  interruptns.    Brug St.  Florentin,  France. 

CretAceons. 

504.    Ammonites  interrnptas,    Park •  •.•France. 

Ganlt  (Cretaceons). 

^05.    Ammonites  Jason.    Bein Christian  Malfbrd,  Eng. 

Middle  Oolite. 

509.  Ammonites  lingulferus.     lyOrb f . . . .  Calvados,  France. 

Lower  Oolite. 

611.    Ammonites  macrocephalus.    Schloth, Wiltshire,  England. 

Middle  Oolite. 

515.    Ammonites  margarltatns.    Mum Charmonth,  Eng. 

Lias. 

518.    Ammonites  MiUesianns.    Z>'0r6 Bonen,  France. 

Chalk. 


» 
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519.    Ammonites  modiolarla.    Luid Wiltshire,  Bngland. 

Middle  Oolite. 

521 .    Ammonites  obtnaus.    Saw Charmonth,  England. 

Lower  Lias. 

528.  Ammonites  peramplas.    Mant Germany. 

Chalk. 

525.    Ammonites  planicostatns.    8o%d Dorset,  England. 

Lias. 

527.    Ammonites  rarlcostatas.    Ziet Oharmoath,  England. 

Lias. 

529.  Ammonites  Rhotomagensis.    Brong Ronen ,  France. 

Chalk. 

581 .    Ammonites  serpentinos.    ScMoth Boll,  Wirtemberg. 

Lias. 

586.  Ammonites  Woollgarl.    Maru Sassez,  England. 

Chalk. 

587.  Ammonites  Woollgarl.    Mant Sussex,  Bngland. 

(Enlarged  Arom  686.) 

588 .  Ammonites  gigas.    ZieL    (Enlarged  from  492.) Yonne,  France. 

Upper  Oolite. 

589.  Ancyloceras  Andooli.    Anier Oheiron,  France. 

Cretaceous  Greensand. 

540.  Ancyloceras  Emerici.    ly  Orb Barreme,  France. 

Upper  Neocomian,  (Cretaceous) 

541.  Ancyloceras  gigas.    8aw Atherfleid,  Isle  of  Wight. 

Cretaceous  Greensand. 

548.    Ancyloceras  Tabarell  i.    Astier Barreme,  France. 

Cretaceous. 

546.  Baculites  anceps.    Lam France. 

Chalk. 

547.  Ceratites  nodosus.    DeHaan LunevtUe,  France. 

Muschelkalk,  (Trias.) 

551.  Crioceras  biftircatus.    Quenat Reutlingen,  Wirtemberg. 

Jurassic. 

552.  Crioceras  Duvalii.    Lev EscragnoUes,  France. 

Neocomian  (Cretaceous.) 

558.    Goniatites  ezpansus.     Vanux Manlius,  N.  T. 

Goniatite  limestone  (Devonian.) 

554.  Goniatites  ixion.    Hall Bockfbrd,  Ind. 

Carboniferous. 

555.  Hamites  attenuatus.    Saw Folkestone,  Bngland. 

Gault  (Cretaceous.) 
18 
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557.  Hamltes  Astierianus.    If  Orb Barreme«  France. 

Neocomian  (^CretaceooB.) 

558.  Hamites  (Hanmllna)  cinctus.)    ly  Orb Barreme,  France . 

Upper  Neocomian  (Cretaceoas.) 

568.  Scaphites  Ivanii.    Puzos Barreme,  France. 

Lower  Greensand. 

564.    Scaphites  compressns.    Bom Haldem,  Westphalia. 

Chalk. 

566.  Tozoceras  obliquatam.    jy  Orb EscragnoUes,  France . 

Greensand  (Cretaceoas.) 

567.  Turrilltes  costatQS.    Lam Roaen,  France. 

Chalk  Marl  (Lower  Cretaceous.) 

569.  Nantilos  bidorsatns.    ScMoth •  Brunswick,  Germany. 

Maschelkalk  (Trias.) 

578.    Nantilas  Neocomensis.    jy Orb Escragnolles,  France. 

Neocomian  (Cretaceoas.) 

574.  Nantilas  pseado-elegans.    lyOrb Roaen,  France. 

Chalk. 

575.  Nantilas  semistrlatas.    D*  Orb Charmoath,  Bng. 

Lias. 

578.  Nantilas Charmoath,  Bng. 

Middle  Lias. 

579.  Naatilas Kentucky. 

Carboniferous  ? 

580.  Lituites  undatus.    Conrad Middleville,  N.T. 

Black  River  limestone,  (L.  Sil.) 

582.    Discites  ornatus.    Sail • Manlins,  N.  T. 

Goniatite  limestone,  (Devonian.) 

585.  Orthoceras  amplicameratum.    Hall Middleville,  N.  Y. 

Trenton  Limestone,  (Lower  Silurian.) 

586.  Orthoceras  crebrnm*    8cnn Eifel,  Rhine  Valley. 

Devonian. 

587.  Orthoceras  ineqaale.    Barr Butowitz,  Bohemia. 

Upper  Silurian. 

592.    Gomphoceras  inflatum.     Quenst Eiftl,  Rhine  Valley. 

Devonian. 

597.  Phragmoceras  subventricosum.    jyA  and  De  F-  .Bifel,  Rhine  VaUey. 

Devonian. 

598.  Cyrtoceras  macrostomum.    SdU Mineral  Point,  Wis. 

Trenton  Limestone  (L.  Sil.) 

599.  CJyrtoceras  corbulatum.    Barr Bohemia. 

Upper  Silnrlan. 
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6(X).    Cyrtoceras  elongatom.    Barr Beraun,  Bohemia. 

Upper  Silurian. 

602.    6y roceras  trtvolvls.    Conrad •  Schoharie  coanty,  N,  Y. 

Upper  Helderberg,  (Devonian.) 

604.    Oyroceras  ezpansnm.    Sasm CazenoYla,  N  T. 

Hamilton  Group. 

606.    Gyroceras  Eifelense.    IT  Arch Elfel,  Rhine  Valley. 

Devonian. 

GASTEROPODA. 

608.    Rostellaria  carinata.    Man$ Folkestone,  England. 

Ganlt.  (Cretaceous.) 

600.    Py rula  melongena.    OraUloup Saucats,  France. 

Miocene  Tertiary. 

611.    Fnsus  longaevns.    Lam Bracklesham,  England. 

Eocene  Tertiary. 

619.  Cerithium  glganteum.    Lam Damery,  France. 

Eocene  Tertiary. 

620.  Cerithium  glganteum.    Lam^  (Inner  cast) # .  .Vauglrard,  France. 

Eocene  Tertiary. 

621.  Cerithium  cornucopia.    8ow Contentin,  France. 

Eocene  Tertiary. 

684.    Enomphalus  rugosus.    Sow Dudley,  England. 

Upper  Silurian. 

6S8.    Capulus  elegans.    Barr Bohemia. 

Upper  Silurian. 

684.    CapnluB  robustus.    Barr Zochkow,  Bohemia. 

Upper  Silurian. 

687.    Dentallum  Noe.    Bon Astezan,  Piedmont. 

Pliocene  Tertiary. 

LAMELLIBRANCHIATA. 

647.  Ostrea  Arons.    Fark •••••Royan,  France. 

Chalk. 

648.  Ostrea  Santonensls.    lyOrb • Royan,  France. 

Chalk. 

660.    Gryphaa  arcuata.    Lam • • Semur,  France. 

Lias. 

651.    Ezogyra columba.    GhUff •••••Boussa,  France. 

Cretaceous. 

662.    Ezogyra costata.    Morton ...:.. .4 Perry  Co.,  Alabama. 

Cretaceous. 
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658.    Radiolites  crateriformis.    lyOrb Boyan,  France. 

Chalk. 

66a    Sphsralites  Boarnoni.    De»m Dordonge,  France. 

Cbalk. 

661.    Sphamlites  calceoloides.    Desm Dordogne,  France. 

Cbalk. 

668.    Caprina  ad  versa.    jyOrb Charente,  France. 

Ckalk. 

664.    Avicula  flabella.    Conrad Onondaga  Co.,  N.  Y. 

Hamilton  Gronp  (Devonian.) 

670.  Pterinea  radians.     Conrad Casenovia,  N.  T. 

Hamilton  Group  (Devonian.) 

671.  Posidonia  alveata.    Conrad Sherburne,  N.  Y. 

Hamilton  Group  (Devonian.) 

672.  Megambona  cordiformis .    Hall Onondaga  Co.,  N.  Y. 

CorniferoQS  f<imestone  (Devonian.)  , 

675.    Hippopodiam  ponderosnm.    8ow • Cheltenham,  Eng. 

Lias. 

679.    Trlgonia  costata.    Park (Eschingen,  Wirt. 

Lower  Oolite. 

688.  Modiola  plicata.    iSbto..-. Bendcomb,  Eng. 

Oolite. 

686.    Thracla Thebes,  Egypt. 

Cretaceous. 

689.  Teredina  personata.    Lam Mt.  Bernon,  France* 

Eocene  Tertiary. 


BBACHIOPODA. 


690.    Spirlfer  pingais.    Sow ...Dablln,  Ireland. 

Carboniferous  limestone. 

696.    Spirlfer  oxypteris.    Burv Carignan,  France. 

Lias. 

706.    Terebratala  grandls.    Blum Bande,  Westphalia* 

Miocene  Tertiary. 

716.    Terebratula  intermedia     Sow Calvados.  France. 

Lower  Oolite. 

755.    Prodactas  giganteos.    Martin • Derbyshire,  England. 

Carboniferous. 
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RADIATA. 

BCUINODBRMATA. 

762.    CIdaris  coronata.    QoW Nattheim,  Wirtemberg. 

Coral  Crag  (Middle  Oolite.) 

776.    Hemlcldaris  intermedia.    Flem Wiltshire,  England. 

Oolite. 

781.    Palaechinas  malUpora.    Nor.  and  0 St.  Loais,  Mo. 

St.  Louis  Limestone  (Carboniferous.) 

802.    Ii  chinobrissQS  clnnicularis.    Blainvj Stroud,  England. 

Lower  Oolite. 

814.    Clypaeaster  umbrella.    Agaaa Sardinia. 

Miocene  Tertiary. 

881 .    Dlscoidea  cylindrica.    Agaas Rouen,  France. 

Chalk  Marl  (Cretaceous.) 

885.    Galerites  albo-galems.    Lam . . . .  • Kent,  England. 

Upper  Chalk. 

888.    Dicty ophy ton  tuberosum.    HaU Steuben  county,  N.  Y . 

Chemung  (Upper  Devonian.) 

848.    Hemipneus tes  radiatus .    Agast Maestricht,  Holland. 

Upper  Chalk. 

847 .    Micraster  cor-anguinum .    Aga$8 Kent,  England. 

Chalk. 

860.  Ophioderma  Bgertoni .    Brodwip Lyme-Begls,  Bngland; 

Lias. 

861.  Ophioderma  Bgertoni.    Brod • Lyme-Begis,  Eng. 

Lias. 

868.    Solastor  Moretonis*    Fc^rbes Qloooestershire,  England. 

Great  Oolite. 

898 .  Apiocrinns  Parkinsoni.    SeMoth Bradlbrd,  Eng. 

Great  Oolite. 

899.  Apiocrinus  Parkinsoni.    Schloth Bradford,  Eng. 

Oolite. 

901.    Apiocrinus  Parkinsoni.    Schloth Bradford,  Eng. 

Oolite. 

904.    Astrocoma  Cirini Cirin,  France. 

Lithographic  Limestone  (Middle  Oolite.) 

911.    Crotaloorinns  rugosus.    JBUer Dudley,  Bngland. 

Upper  Silurian. 

917.    Encrlnus  liUiformis.    SeMoth Brunswick,  Germany. 

Mnschelkalk  (Middle  Trias.) 
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918.  Enorinos  lilliforoiis.    SMoth Bmnswick,  Ger. 

Moschelkalk,  (Trias.) 

919.  Sncrlaofl  Ulllformis.    SMoth Brunswick,  Qer. 

Muschelkalk,  (Trias.) 

9i2.    Pentacri  nns  SQbangnlarls.    Miller Boll,  Wlrtemberg. 

Lias. 

948.    Pentacrinus  subangnlarls.    NUler ,-  Boll,  Wlrtemberg. 

Lias. 

947.    Perlecbocrinas  moniliformis.    Miller, Dodley,  £ng. 

Upper  SUarian. 

968.    Platycrlnas  Sarae.    Sail 8t.  Louis,  Mo. 

St.  Loaia  Limestone  (Carboniforous.) 

954.    Pterocoma  pinnata.    Agaee Solenhofen,  Bavaria. 

Middle  Oolite. 

ACALBPHAE. 

968.    Oraptolithos  octobrachiatas.    Hall. 

Lower  SUarian. 


PROTOZOA, 


RmZOPODA. 

966.    Amphisteglna  vulgaris.    ly  Orb •  •  Bordeaux,  France. 

*  Miocene  Tertiaiyj 

968.    FoBulina  cylindrica.    lyOrb Ohio  and  Nebraska. 

Carbonlftrous. 

999.    Cassidulina  serrata • Austria. 

Miocene. 

1008.    ClavuUna  communis.    lyOrb Nussdorf,  Austria. 

Pliocene. 

1007.    Qlobigerina  buUoides.    lyOrb. 

Miocene;  Austria. 
Pliocene;  Italy. 
Living;  Adriatic. 

1016.    Proroporus  complanatus.    Seu$$. 

Oault. 

1086.    Siderollna  calcltrapoides.    Lam Maestricht,  Holland. 

Chalk. 

1069.    Slphonlna  reticulata.    Beuee Germany. 

Miocene. 
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1043.    Textalarla  conalos.    Beu$». 

Upper  Chalk. 

1047.    Teztnlaria  papoides Meadon,  France. 

Upper  Chalk. 

1049.    Teztnlaria  spinolosa.    B^ttaa Germany. 

Miocene  Tertiary. 

1009.    CrlBtellaria  cassis.    Fleht Sienna,  Italy. 

Pliocene. 

1077.    Qlobnlina  gibba.    IT  Orb France  and  Adriatic  Sea. 

Tertiary  and  Living. 

1094.    Nodosaria  inflata.    Befits. 

Upper  Chalk. 

1097.  Nodosaria  oblonga.    Betus. 

Eocene  Tertiary. 

1098.  Nodosaria  radlcnla.    Lam. 

Qanlt  (Cretaceous.) 

1 188,    Orbitolites  macropora.    Lam Maestrict,  Holland. 

Chalk. 

1100.    Spirolina  cyllndrica.    Lam Paris,  France. 

Eocene  Tertiary. 

1161.    Vertebralina  nitida.    lyOrb Grignon,  France. 

Eocene  Tertiary. 


poBmatA. 

1184.    Amorphospongia  Franklin  county,  Ky. 

Lower  Silnrian. 

1 186.    CcBloptychinm  agaricoides.    Ooldf, Haldem,  Westphalia. 

Chalk. 

1188.    Placoscyphia  meandroides.    Xeym Kent.  England. 

Cretaceons  Greensand. 

1 168.    Polypothecia  dichotoma.    Ben Warminster,  England. 

Cretaceons  Greensand. 

1 172.    Scy phia  polyommata.    Qoldf Streitberg,  Wirtemberg. 

Middle  Oolite. 

1184.    SIphonia  costata.    Lam Warminster,  England. 

Cretaceons  Greensand. 

1 1 77.    SIphonia  py riformis.    QoW ••.......  Blackdown,  England  • 

Upper  Greensand  (Cretaceons.) 

1186.    TentrlcQlites  Birdlington,  England. 

Chalk. 
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MISOSLLAKXOU8. 

1204.    Cyeadoides  megalophylla.    Buckl.    (Trank  of  a  short  cycad.    Isle 

of  PortlaDd,  Bngland. 
Wealden. , 

1206.  Dammarites ,  (conifer.) Burton,  Somerset,  Bngland. 

Inferior  Oolite. 

1207.  Nlpadltes  Bnrtlnl.    Bronff Schaerbeck,  Belginm. 

Eocene  Tertiary. 

1212.  Welcome  Nugget  (gold) Ballarat,  Aaetralia. 

1216.  Platinum  Nugget Ural  Mts.,  Siberia. 

1287.  Rosetta  Stone Rosetta,  Lower  Egypt. 

1245.  Bust  of  Linnans,  life  sl^e. 

1247.  Bust  of  Cuvier,  life  slse. 

1248.  Bust  of  Geoffiroy  St.  Hilaire,  life  size. 
Bust  of  Huxley,  Mte  size. 
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ERRATA. 


Page  16,  lines  8  and  4  flrom  top,  for  valllee  read  vaUeys. 

Page  15,  line  U  Arom  bottom,  for  Ttrenton  read  Trenton. 

Page  88,  line  9  Arom  bottom,  for  contlnlons  read  continuous. 

Page  41,  line  2  flrom  bottom,  after  seen.  Insert  if  restored. 

Page  51,  line  6  Arom  bottom,  for  McVee  read  MeNee. 

Page  58,  line  18  Arom  top,  for  M.  read  A. 

Page  58,  line  8  Arom  bottom,  for  Shnnard  read  Shumard, 

Page  67,  line  6  flrom  top,  for  tlckest  read  thickest. 

Page  108,  line  8  Arom  top,  for  knoles  read  knolls. 

Page  115,  line  12  Arom  top  for  characterzes  read  characterises. 
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timber  of. 88 

geological  stmctore  of 84 

the  Lower  Magnesian  Hi 88 

the  St.  Peter  Sandstone  in 88 

the  Trenton  Limestone  in 90 

the  Galena  Limestone  in 91 

the  Cretaoeons  in 98 

the  Drift  in , 98 

commonwellsin 94 

brickin 95 

gold  in 9S 

peat,  absence  of 9S 

Ore,  flrom  SankVaUey,  submitted  for  analysis 10 

supposed  silrer,  from  Colorado,  submitted  for  analysis 10 

supposed  silrer,  ftom  Brainerd,  submitted  for  analysis 10 

supposed  silver,  from  N.  shore  of  Lake  Superior,  submitted  for 

analysis 10 

supposed  iron,  ftom  Duluth.  submitted  for  analysis lo 

Orion,  surface  features  of  township 80 

Oronoco,  surfkce  features  of  township 78 

the  Lower  Hagoesian  in ss 

Orthis,  in  the  Trenton  in  Fillmore  county 43 

in  Olmsted  county 91 

at  De  For's  MiU 48 

brachiopod*resembling 66 

OrthoceroMf  in  the  Trenton  in  Fillmore  county *.«  48 

in  Olmsted  county 91 

OrUonota,  at  De  For's  Mill 48 

Owatonna,  surfoce  features  of  township 109 

mineral  springs  at. • ' 113 

Paisley's  Ford,  Shakopee  Limestone  at 39 

Panl»  James,  limekilns  of 106 
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Feat,  Arom  Bed  Wing,  land  of  Capt.  Eames  submitted  for  analysis . . .  •  9 

firom  C.  T.  Bryan's  land,  Winona,  sabmitted  for  analysis 9 

in  Fillmore  county '. 68 

from  Schmitz's  land,  St.  Paul,  submitted  for  analysis 8 

mannfkkctured,  from  Wells,  sabmitted  for  analysis 8 

not  manufactured,  from  Wells,  submitted  for  analysis 8 

from  Lake  Emily,  submitted  for  analysis 8 

turf,  from  Empire  City,  submitted  for  analysis • 8 

from  St.  Cloud,  submitted  for  analysis 8 

from  Lura,  submitted  for  analysis 8 

turf,  from  land  of  J.  Haggard,  submitted  for  analysis 9 

frt>m  K.  K.  Peck's  land,  near  Windom,  submitted  for  analysis ...  9 

from  8.  0.  Taggart's  land,  near  Windom,  submitted  for  analysis.  9 

from  land  of  Bev.  E.  Sayage,  submitted  for  analysis 9 

from  land  of  A.  A.  Soule,  near  Mountain  Lake,  submitted  for  an- 
alysis   9 

frx>m  sec.  18,  T.  106,  87,  submitted  for  analysis 9 

Peaty  lake  sediment,  from  Bigelow»  submitted  for  analysis 9 

Perkins.  H..  rock  at  saw-mill  of. 47 

Peterson,  Peter,  quartz 'gravel  on  the  land  of 58 

Pettit,  S.  C,  quarry  of 51 

Pillsbury,  Got.  J.  S  .,  contributor  to  the  Ward  cast  ftind 124 

Pilot  Mound,  surface  features  of  township 85 

drift  seen  in 61 

Plants,  list  of  by  Dr.  I.  A.  Lapham 6 

shrubby,  seen  in  Dodge  county 100 

shrubby,  seen  In  Olmsted  county 100 

Pleasant  Qrove,  surface  features  of  township. 80 

Pleasant  Valley,  the  Devonian  at 54 

Plenrotomaria  in  the  Trentpn  in  Olmsted  county 86 

Position  and  size  of  Steele  couoty 107 

Postle,  Mrs.  Annie,  quarry  of 51 

Potsdam  Sandstone,  said  to  be  .in  Olmsted  county 91 

Preble,  surface  features  of  township 28 

Preston,  sarfjace  character  of  township 25 

county  seat  of  Fillmore  county 18 

why  thus  located 1^ 

diorltic  boulder  near. ei 

Loess  Loam  at 66 

high  terrace  plain  at • 67 

Prosser,  Henry,  quarry  of 47 

Pyrite  at  Lanesboro • 84 

in  the  Galena,  in  Olmsted  county..# • 91 

Quicklime  produced  lu  FiUmore  county 69 
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Qoincy,  snrfkce  features  of  township 78 

Qaincy  Mills,  section  in  Lower  Magneslan  at 87 

Bacine,  the  Cretaceous  in 56 

Bailroad  elevations,  list  o 1 116 

in  Olmsted  county 81 

Bailroad  Cut  at  Clear  Grit 84 

Beceptaculiies  in  the  Trenton , 48,  102 

in  the  Galena 51 

Beport  on  the  General  Museum 10 

Beid,  Hon.  A.  M.,  contributor  to  the  Ward  cast  ftind 1:25 

Bexford,  J.  M.,  white  sand  on  land  of 57 

Skynchonella  in  the  Trenton  47 

Bhodes,  G.  F.,  brick  maker  at  Kasson 106 

Bice  Lake,  its  location  in  Dodge  county 98 

Bipley,  surface  features  of  township 99 

Bochester,  surface  features  of  township 79 

the  Lower  Magnesian  in 86 

thickness  of  the  St.  Peter  near 89 

Bock  Dell,  surface  features  of  township 80 

derivation  of  name  of 78 

quarries  in  the  Galena  limestone  in 93 

Bocks,  list  of  with  thickness 30 

distribution  of  in  Fillmore  county 31 

Boot  river,  in  Fillmore  county 18 

general  section  across 39 

Bushford,  surface  features  of  township 24 

alluvial  terrace  at 67 

lime  made  at 71 

the  St.  Croix  Sandstone  at 32 

Sand  for  mortar  and  concrete  in  Fillmore  county 73 

Sands  and  Tousley,  well  drillers 66 

Salem,  surface  features  of  township 79 

the  Galena  Limestone  in . « 92 

Sandstone  near  Red  Jacket  Mills,  submitted  for  analysis 9 

Scarrie,  Widow,  quarry  of 55 

Scenery  in  Olmsted  county 35 

Section,  taken  at  Mantor's  quarry 104 

in  the  drift  in  Wasioja 105 

at  Clear  Grit 34 

near  Fountain 40 

general,  of  the  Trenton  Limestone 42 

at  Quincy,  in  Olmsted  county g7 

on  Sec.  8,  Oronoco og 
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Sectioo,  in  the  Cretaceous 98 

at  qaarry  in  Concord 101 

in  Sec.  17,  Milton 102 

in  the  Trenton  at  Lindensmith's  qaarry 112 

Shakopee  terrace,  the  drift  on 60,  61 

Shale  under  the  Niagara 64 

Shakopee  Limestone  in  Fillmore  coanty 88 

in  Dodge  county 101 

Shepherd,  Geo.,  quarry  of 47 

Shrubs,  list  of  in  Olmsted  county 88 

Shumaker,  J.,  quarry  of 60 

Silurian  area  in  Mower  county 54 

Sinkholes,  in  Fillmore  Co 21 

in  the  Oalena,  in  Olmsted  Co 91 

Situation  and  area,  of  Fillmore  Co 18 

of  Olmsted  Co 75 

Somerset,  surface  features  of  township 109 

Soil  and  timber  of  Fillmore  Co 28 

Smith,  John,  qaarry  of 54 

James,  house  of  f^om  the  Devonian  Limestone 55 

Geo.  H.,  iron  ore  found  in  well  of 64 

Spar,  crystals  of  in  the  Galena \ 91 

Satin 92 

Sprague,  O.,  table  of  wells,  furnished  by 94 

Spring  Valley,  surface  features  of  township 27 

the  Cretaceous  in 56 

white  lime 70 

the  Galena  at 50 

drift  prevalent  at 60,  61 

Springs  in  Olmsted  county 77 

in  Dodge  county 102 

St.  Croix  Sandstone.  In  Fillmore  county 18 

St.  Lawrence  Limestone,  green  specks  in 9 

in  Fillmore  county S2 

lithological  characters  of 88 

•                         for  quicklime 71 

as  a  building  stone 78 

St.  Peter  Sandstone,  in  FiUmore  county 40 

effect  of  on  Topography 21 

origin  of 41 

fossils  in • 41 

St.  Peter  Sandstone,  area  of  in  Olmsted  coun^ 88 

lithological  character  of 89 

economical  Talue  of 90 

in  Dodgecounty 101 
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St.  Peter  Sandstone  in  Olmsted  county 88 

Sute  Cabinet,  law  establishing 10 

Steele  county,  report  on 107 

position  and  size  of 107 

area  of,  by  townships 107 

surface  of 108 

notes  of  Arom  Goyernment  plats 108 

draluage  of 110 

timber  of. 110 

geology  ol Ill 

the  Trenton  Limestone  In Ill 

the  Cretaceous  In 112 

the  drift  In 112 

mineral  springs  In 118 

brick  In 118 

artesian  well Hi 

Story,  D.  8.,  contributor  to  the  Ward  cast  fkind 124 

Straight  Bl ver,  rock  near  surflice  of  In  Steele  county 108 

Strata,  of  rocks  In  Olmsted  coun^ * 85 

Stratigraphy  of  Olmsted  county 8S 

Strophomena  In  the  Trenton,  In  Fillmore  county 48 

In  Olmsted  county 91 

Subterranean  passages  In  the  Trenton 22 

''Sugar  loaf  mound" 89 

Subterranean  streams  In  Olmsted  county 76 

In  Fillmore  county 21 

Summit,  surflEice  features  of  township 108 

Sumner,  surAice  features  of  township 27 

the  Cretaceous  in 86 

the  drift  seen  In 60 

quicklime  burned  in 69 

Surfttce  features  of  Fillmore  county 14 

of  the  Lower  Magneslan 87 

of  the  St.  Peter  Sandstone 89 

SurflEice,  general  character  of,  In  Olmsted  coun^ 78 

Id  Dodge  county ; 98 

in  Steele  county 108 

Taylor,  Joseph,  quarry  of 40,  72 

Taylor,  Mr. ,  brick-maker 105 

Temple,  C.  C,  white  sand  on  land  of 57,  78 

Terraces,  alluTlal,  In  Fillmore  county 67 

Timbered  areas  increasing  In  Fillmore  county 28 

Timber,  In  Fillmore  county 29 

in  Olmsted  county 69 
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Timber,  in  Dodge  county 100 

in  Steele  county 110 

Topography,  relations  to  geology 115 

of  Fillmore  county ^ 18 

illustrated  by  diagram 20 

Trees,  list  of,  in  Olmsted  county 82 

in  Fillmore  county 29 

in  Steele  county Ill 

**  Trenton  Mounds '* 16 

Trenton  Limestone  In  Fillmore  county 42 

in  Olmsted  county 86, 90 

in  Dodge  county 101 

for  qoick-lime 70 

effect  on  topography 21 

for  boilding  stone 72 

Tripoli  firom  Stillwater,  submitted  for  analysis 7 

Turf-peat,  submitted  fDr  analysis 9 

Tunnel  Mills,  drift  seen  at 60 

United  States  township  survey,  1854 28 

Uniyerslty  of  Minnesota,  Latitude  and  Longitude  of 7 

Upper  Minnesota  Valley,  Fort  Benton  group  in 66 

Upper  Trenton,  in  Fillmore  county 43 

Vegetation  in  the  Drift  in  Fillmore  county 62 

Viola,  sarftice  features  of  township 79 

Vines,  list  of,  In  Olmsted  county c 84 

Vernon,  surface  features  of  township 99 

Ward,  Prof.  H.  A.,  mounting  of  mammals  by 124 

set  of  casts  purchased  of 126 

Wasioja,  surface  features  of  township 99 

Water  Arom  Belle  Plaine  Salt  Springs,  submitted  for  analysis 10 

Waterfalls,  how  formed ' 1$ 

Water-powers  in  Fillmore  county 14 

in  Olmsted  county 64 

nnimproved,  where  located 77 

in  Dodge  county 9g 

in  Steele  county 110 

list  of  mills  run  by,  in  Olmsted  county 77 

Watershed  in  Olmsted  county • 81 

Watson's  Creek,  drift-pebbles  and  clay  at  crossing  of 61 

Welsbeck's  Mill,  water  powers  near 14 

rockbluflto  at 44 

Welles,  H.  T.,  contributor  to  the  Ward  cast  ftind 184 

21 
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Wells,  common,  In  Fillmore  county • 78 

In  Olmsted  connty 94 

Westfleld,  surface  features  of  township 99 

Whalen,  sandstone  at ^ 81 

high  terrace  plain  at 87 

Whitcomb,  Hon.  O.  P.,  notes  Arom  the  office  of 75,  76 

,  St.  Peter  near  the  quarry  of 89 

Whitney,  Prof.  J.  D 69 

White,  Dr.  C.  A 58,55,56 

Wilson,  Hon.  E.  M.,  contributor  to  the  Ward  cast  fbnd 184 

WiUson  and  Hook,  quarry  of 104 

Williams,  R.,  quarry  of,  in  the  Oalena 92 

Winona,  alluvial  terraces  at 67 

Winslow,  Enoch,  quarry  of 48 

Wright,  Dora,  quarry  of. • 51 

Wolcott  Mills,  Trenton  Limestone  quarry  at 112 

Wood  taken  from  wells,  in  Jordan  township 64 

York,  surface  features  of  township * «    26 

the  Devonian  Limestone  seen  in 56 

the  Niagara  and  Cretaceous  in 66 

Zumbro  River,  In  Olmsted  county 76 

the  Lower  Magnesian  exposed  on 86 

its  course  in  Dodge  county 98 
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